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PREFACE. 


ToK  object  of  the  author  id  this  book  is  to  present  the  phi- 
losopUj  of  chembtry  in  such  a  form  that  it  can  be  made  with 
profit  the  subject  of  collt^ge  recilafions,  and  furoish  the  teacher 
with  the  means  of  tealing  the  slutlent's  faithfiilnesa  and  ability. 
With  tliis  view  the  subject  has  been  developed  in  a  logical 
order,  and  the  principles  of  the  science  are  taught  indepeo- 
dmlly  of  the  experimental  evidence  on  which  Ibey  rest.  It 
b  aanimed  that  the  student  has  already  been  made  familiar 
with  ihia  evidence,  and  witli  the  more  elementary  facta  which 
the  philosophy  of  the  science  attempts  to  inierprcL  At  most 
of  n«r  American  colleges  this  instruction  is  given  in  a  course 
of  experimental  lectures  ;  but  for  less  mature  students  a  coiirso 
of  manipulation  in  tlie  laboratory  will  be  found  a  far  more  effi- 
cbnt  mode  of  teaching,  and  eome  preliminary  training  of  llys 
kinil  vn^^ht  to  he  made  one  of  the  requisites  for  admission  to 
our  liighi^  inmitutiona  of  learning.* 

This  book  is  intendei]  to  supplement  such  a  conree  of  prac- 
doil  inatniction.  It  deals  solely  with  the  theories  of  the 
*ctenc<>.  and  with  those  principles  which  can  only  be  acquired 
hy  stndy  and  application.  Tlic  author  has  found  by  long 
exixrience  tlial  a  recitation  on  mere  facts,  or  descriptions  of 
apparutua  and  experimenla,  ia  to  the  great  mass  of  college 
nndergmduntes  all  but  worthless,  while  Ibe  study  of  the  phi* 
loMphy  of  ehemisiry  may  be  made  bighly  profitable  bolh  for 
iMtnnrtMn   and  diacipliue.      Moreover,  our  college  students 

t  Fi»mch  neourw  of  prnctlcaisUiilTlhe  student  can  diHire  no bstlerpiido 
Bin  ItiH  nK^iilleiil  wnrk  of  l>r(>rM«i)r«  Oinl  mi'l  Storer.  recently  piibUehed, 
"A  Mnntisl  of  Innrnnio  Chomiatry,  ■mne^l  to  fecllit&le  the  EiperimsnUl 
bwokiretloii  of  Ihe  Piec*  and  l'riiielple>  of  Uw  SolenM."  By  C.  W.  EUot 
•ad  p.  0.  Slnnr.  ati  York,  leea. 


begin  the  stndy  of  physical  seienee  with  a  degree  of  moturit^ 
Knd  a  kind  of  mental  culture,  which  ennbles  them  to  acquire  (i 
limited  knowledge, and  general  view  of  the  subject,  for  whidfi 
alone  they  have  time  and  occasion,  most  rapidly  when  it  i 
presented  in  a  condensed  and  deductive  form.  The  author  Itai 
had  especially  in  view  this  class  of  students,  and  has  eudeaft 
ored  to  meet  their  wants. 

However  important  a  training  in  the  methods  and  the  ii 
ductive  logic  of  science  may  be  in  itself  considered,  it  wouj 
be  vain  and  unprofiiable  to  attempt  to  cliange  ihe  habits  of 
thought  of  chose  whose  education  has  been  almost  u'lio" 
classical,  and  who  are  preparing  themselves  for  a  professioi 
or  literary  career,  where  they  will  have  occasion  to  u^e  1 
results  more  than  the  methods  of  science.  Oa  llie  other  hand 
we  find  at  our  colleges  a  not  inconsiderable  portion  of  the  bIu 
dents,  whose  tastes  and  abilities  find  their  best  eiercise  in 
study  of  natural  science,  and  who  are  preparing  for  the  a 
cal  profession  or  other  spheres  of  practical  life,  for  which  ( 
training  of  the  powers  of  observation  and  of  inductive  p 
ing  is  an  indispensable  requisite.  For  such  studeocs  the  cc4 
lege  should  furnish  the  cullure  they  require  in  a  cent 
elective  study ;  but  beginning  the  study  of  chemistry  aJ  _^^ 
do  in  the  present  oi'ganizalion  of  our  callege^,  at  an  advance 
stage  of  their  education,  they  will  gain  time  if  their  practici 
work  is  preceded  or  at  least  accompanied  by  the  study  c 
what  may  be  figuratively  called  the  grammar  of  the  scienc 
Lastly,  to  that  ever  increasing  class  of  students  who  seek  that 
mental  cullure  solely  in  "  scientific  studies,"  the  philosophy  ( 
science  is  especially  important;  for  in  an  exclusive  devo 
facts  and  metlioda.  they  are  not  likely  to  gain  that  breadth  t> 
view  and  enlargement  of  mind  which  the  study  of  theory  i 
calculaled  to  give.  In  all  exi>erimeutal  science,  theory  is 
doubledly  subordinate  to  practice,  but  it  gives  form  and  dignit 
to  our  knowledge,  and  the  two  should  never  be  divorced  in  o 
systems  of  education. 

The  value  of  problems  as  means  of  culture  and  tests  of  » 
tainment  can  hardly  be  overestimated,  and  they  have  therefoi 
been  made  a  chief  feature  tn  this  book.  Since  those  v  ' 
are  here  given  are  chiefly  intended  as  guides  to  the  studeo 
the  answers  have  always  been  added  ;  and  where  the  methfl 


a  not  obvious,  the  chief  steps  in  ihe  solution  have  been  giien 
a  well.     Every  teacher  will  be  able  to  mohiply  problems  after 
e  modeU  to  suit  his  own  requirements. 
The  que^doD^,  which  accompany  the  problems,  form  another 
IcKcntial   feature  in   the  plan  of  instruction  here  presented. 
inteniled  not  only  tu  direct  the  student's  attention  la 
A  important  point>4,  but  al?o  to  alinmlate  thought  by  Biig- 
inferences  to  which  the  principles  staled  legitimately 

Tbeae  questions,  moreover,  will  indicate  to  the  teacher  the 
iDsnner,  in  which  it  ig  iotended  that  the  book  ehould  he  studied. 
Care  fhould  bo  taken  not  to  overstrain  the  memory,  but  to  dis- 
fribute  the  necessary  burthen  through  many  Icsi^tons.  Thug,  for 
Ibe  first  seven  chaplenj,  the  student  should  not  be  expected  to 
Rproduce  the  symboU  and  reaction3,nor  even  to  call  the  names 
r  tho  Enbstancea  represented,  except  those  of  the  more  famil- 
iar elements  and  simplest  compounds.  It  will  be  sufficient  for 
e  time  if  he  understands  the  principles  which  the  symbols 
liiutrate,  and  the  'relations  of  the  parts  of  the  reactions,  al- 
igh  as  yet  these  conventional  signs  may  have  for  him  no 
ore  definite  meaning  than  the  pamdigms  of  a  grammar.  As 
1  Bdvaoces  through  chapters  VIII.  and  IX.,  he  should  be 
apected  W  familiarize  himself  with  the  names  of  ihe  com- 
onnds,  and  should  begin  to  reproduce  tlie  symbols.  When 
(citing  on  chapter  X.  he  should  be  called  uj)oii  lo  give  not 
f  the  names  of  all  the  symbols,  but  also  the  symbols  corro- 
iding  to  all  the  names,  and  so  on  for  the  rest  of  the  book. 
0  reviewing  the  book  a  full  knowledge  of  the  names  and  sym- 
kds  will  bo  of  course  expected  from  the  Rrst.  The  questions 
t&il  problems  appended  to  each  chapter  will  give  the  student 
K  dear  idea  of  what  in  any  case  will  be  required.  The  author 
s  been  in  the  habit  of  writing  out,  for  hb  own  class,  similar 
poblems  on  separate  cards,  logeiher  with  the  names,  symbols, 
leadlons  or  other  data,  which  may  in  any  case  be  given. 
rheM  cnrxls  are  distributed  at  the  beginning  of  each  recllation, 
i  the  student  is  not  call'.-d  u|ion  to  recite  until  he  hat  placed 
Im  work  upon  the  blackboard.  This  plan  obviates  many  prac- 
tical iilfllcu1lie«,  and  has  been  found  to  work  with  great  success. 
TbH  ikMIwophy  of  chemistry  lias  been  developed  in  this 
a«-CDrding  tu   the   "modem  theories";  and  the  author 


would  acknowltMlgc  Iiis  obliifniions  to  the  recen^WOTU 
Miller  FraiikliLijil,  Niiqiiut,  Ro§ciie,  Williumson,  and  Wuriz, 
all  of  whicli  he  ha^  fn-cly  consultwl.  Carerul  auention  has 
lieen  ^ven  [o  iho  chcmii-nl  nolaiion ;  and  a  method  ha4  boen 
(levUed  or  writing  rational  nymlioU,  which,  wbile  it  fully  ex- 
hibits tire  relations  of  the  part^  of  the  molecule,  condeiist^s  the 
tbrmuloe,  and  saves  space  and  lahor  in  printing.  From  a 
iksire  to  secure  uniforniiiy,  the  nomenclature  of  the  London 
Chemical  Society  ha«  been  adopted;  but,  in  the  chapter  on  ihia 
eiihjeci,  the  old  names  are  given  with  the  new.  Lastly,  the 
uetnc  .=yslem  of  weights  and  measures,  and  the  cenli 
i^calti  of  the  thermometer,  are  used  throughout  the  book. 

Camdripge,  December  1,  tS6S. 
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PART    I. 

CHAPTER   I. 

INTRODUCTION. 

1.  Definitions.  —  The  volume  of  a  body  is  the  space  it  fills, 
expressed  in  terms  of  an  assumed  unit  of  volume.  The  weight 
of  a  body,  as  the  word  is  used  in  chemistry  and  generally  in 
common  life,  is  the  amount  of  material  which  the  body  con- 
tains compared  with  that  in  some  other  body  assumed  as  the 
unit  of  weight.  The  specific  gravity  of  a  body  is  the  ratio  of 
its  weight  to  that  of  an  equal  volume  of  some  substance  which 
has  been  selected  as  the  standard.  Solids  and  liquids  are  kl- 
ways  compared  with  water  at  its  greatest  density,  which  is  at 
4°  centigrade,  and  hence  the  numbers  which  stand  for  their 
specific  gravities  express  how  many  times  heavier  they  are 
than  an  equal  volume  of  water  at  this  temperature.  Gases, 
however,  are  most  conveniently  compared  with  the  lightest  of 
all  known  forms  of  matter,  namely,  hydrogen,  and  in  this  book 
the  number  which  indicates  the  specific  gravity  of  a  gas  ex- 
presses how  many  times  heavier  it  is  than  an  equal  volume  of 
hydrogen,  compared  under  the  same  conditions  of  temperature 
and  pressure. 

2.  Volume  and  Weight,  —  All  experimental  science  rests 
upon  accurate  measurements  of  these  fundamental  elements, 
and  it  is  therefore  very  important  that  there  should  be  a  gen- 
eral agreement  among  scientific  meo  in  regard  to  them.    T\iV& 


2  INTRODUCTION. 

has  been  secured  by  the  almost  universal  adoption  of  the 
French  system  of  measures  and  weights  in  all  scientific  inves- 
tigations. The  details  of  this  system  are  given  in  Table  I., 
and  they  require  no  further  explanation.  Its  great  advan- 
tage over  our  ordinary  English  system  is  not  only  in  its  deci- 
mal subdivision,  but  also  in  the  simple  relation  Which  exists 
between  the  units  of  measure  and  of  weight.  Since  the  unit 
of  weight  is  the  weight  of  the  unit  volume  of  water,  and  since 
the  specific  gravity  of  solids  and  liquids  is  always  referred  to 
water,  as  the  standard,  it  is  always  true  in  this  system  that 

W=  VX  Sp.  Gr.  [1] 

If  the  volume  is  given  in  cubic  centimetres,  the  weight  ob- 
tained is  in  grammes ;  but  if  the  volume  is  given  in  cubic  deci- 
metres or  litres,  the  weight  is  found  in  kilogrammes.  In  this 
formula,  Sp,  Gr.  stands  for  the  specific  gravity  referred  to 
water.  If  the  specific  gravity  is  referred  to  hydrogen,  as  in 
the  case  of  gases,  the  value  piust  be  reduced  to  the  water- 
standard  before  using  it  in  the  formula.  The  reduction  is 
easily  made,  by  multiplying  by  0.0000896,  a  fraction  which 
is  simply  the  specific  gravity  of  hydrogen  itself  referred  to 
water.  Using  Sp.  Gr.  to  represent  the  specific  gravity  of  a 
gas  referred  to  hydrogen,  the  formula  becomes 

W=  V  X  Sp.  Gr.  X  0.0000896,  [2] 

and  may  then  be  used  in  all  calculations  connected  with  the 
weight  and  volume  of  aeriform  bodies.  In  such  calculations,  in 
order  to  avoid  the  long  decimal  fractions  which  the  use  of  the 
gramme  entails,  Hofmann  has  proposed  to  introduce  into 
chemistry  a  new  unit  of  weight  which  he  calls  the  crith.  This 
unit  is  the  weight  of  one  cubic  decimetre  or  litre  of  hydrogen 
gas  at  the  standard  temperature  and  pressure,  and  is  equal  to 
0.0896  grammes.  If  now  we  estimate  the  weight  of  all  gases 
in  criths^  and  let  W  represent  this  weight,  while  W  represents 
the  weight  in  grammes,  and  V  the  volume  in  litres^  we  shall 
also  have 

•  W  =  V  X  Sp.  Gr.  and  W=  W  X  0.0896,     [3] 

and  all  problems  of  this  kind  will  then  be  reduced  to   their 
simplest  terms. 


mntonucnoN.  3 

,  Tbo  Fped^  grarily  of  gRses  is  also  frequently  referred  lo 
r  air,  wliicb  for  many  reasons  is  a  conrenient  standurd. 
1  weight  of  one  lilre  of  air  under  atandard  conditiona  is 

L2931S7  gmmmea.  Hence,  representing  specific  gravily  re- 
nd louir  by  Sf-  <Sl.  wo  have 

!p.  Gr.  :  Qjf.  ®r,  =  1.2032  :  0.089C, 

Sp.  Gr.  =  fip.©r.  X  14-42, 

Sp.  ©r.  —  Sp.  Gr.  X  0.06929. 

8.  CJtfmutry  and  Phytict,  —  Among  materia]  plienomena 
wr  miiy  <li;tingui8h  Iwo  clashes.  Firsl,  tliose  wLicli  are  roani- 
feeted  widjoui  a  loss  of  identity  in  [lie  subelances  invoJi-ed. 
Sewndly,  iJtoee  which  are  attended  by  a  change  of  one  or 
more  of  liie  materials  employed  into  new  Bnbstsnces.  The 
tdenee  of  chemistry  deals  with  the  last  class  of  phenomena, 
that  of  ptiysic*  with  the  first,  and  hence  the  terms  chemical 
and  physical  phenomena.  An  illuittration  will  make  this  dis- 
tbction  plain.  When  a  bar  of  iron  is  drawn  out  into  wire,  ia 
mlltrd  out  into  tliiu  leaves,  is  reduced  by  mechanical  means  to 
powder,  b  forged  into  various  shapes,  is  -melted  and  cast  into 
moulds,  in  mogneti/ed,  or  is  made  the  medium  of  an  electric 
rurri'ni.  cincc  the  metal  does  not  in  any  case  lose  its  identity, 
Ihr.  pheaom<nia  are  all  physical.  When,  on  the  oiher  hand, 
tlic  iron  bar  rusts  in  the  air,  is  burnt  at  the  blacksmith's  forge, 
or  is  diesolred  in  dilute  sulphuric  acid,  the  iron  is  converted 
I  XDio  a  new  lulistancc,  iron  rust,  iron  cinders,  or  green  vitriol, 
I  the  pbt'nonienii  are  chemical.  The  distinction  between 
}  two  departments  of  hnman  knowledge  is  not,  however, 
t  stroogty  marked  as  the  definition  would  seem  to  imply. 
A  fiul  they  coalesce  at  many  points,  and  a  knowledge  of  the 
itila  of  physics  is  an  osseniial  preliminary  to  the  successful 
■d^  of  chuiuistry.  In  tho  following  pages  it  will  be  assumed 
~  ~  B  student  is  acquidnted  witli  the  most  elementary  prioci- 
i>  ixnence.  and  references  will  be  made  lo  the  eecitona 
it")  work  on  Chemical  Physics.  The  same  rela- 
k  piiysicj"  bears  to  chemistry  on  the  one  sidi-,  chomis- 
?tO  physiology  and  the  natural-tuslory  sciences  on  the 
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Questions  and  Problems. 

1.  Reduce  by  Table  I.  at  the  end  of  the  book, 

30  Inches  to  fractions  of  a  metre.  Ans.  0.7619  metre. 

76  Centimetres  to  inches.  Ans.  29.92  inches. 

36  Kilometres  to  miles.  Ans.  22.38  miles. 

10  Metres  to  feet  and  inches.  Ans.  32  fl.  9.7  inches. 

1  Cubic  metre  to  quarts.  Ans.  880.66  quarts. 

1  Cubic  foot  to  litres.  Ans.  28.31  litres. 

1  Pint  to  cubic  centimetres.  Ans.  667.8  c.  m.* 

1  Litre  to  cubic  inches.  Ans.  61.027  cubic  inches. 

•    1  Pound  Avoirdupois  to  grammes.  Ans.  453.6  grammes. 

1  Kilogramme  to  ounces  avoirdupois.  Ans.  35.27  ounces. 

1  Ounce  to  grammes.  Ans.  28.35  grammes. 

2.  If  the  globe  were  a  perfect  sphere  what  would  be  the  circum- 
ference and  what  the  diameter  in  kilometres  ? 

Ans.  Circumference  40,000  kilometres, 
Diamefer  12,732.4      " 

8..  The  length  of  the  metre  was  determined  by  measuring  the  dis- 
tance between  Dunkirk  (in  France),  Latitude  51°  2'  9"  and  For- 
mentera  (one  of  the  Balearic  Islands),  Latitude  38°  39'  56'',  both 
on  the  same  meridian.  This  distance  was  found  by  triangulation  to 
be  equal  to  730,430  toises.  What  is  the  length  of  a  metre  in  terms 
of  this  old  French  unit  of  measure  ?  What,  also,  was  the  length 
measured  in  English  miles  ?  No  account  is  to  be  taken  of  the  ellip- 
ticity  of  the  earth.  Ans.  The  metre,  0.5314  toise. 

The  length  was  854  miles. 

4.  The  Sp.  Gr.  of  iron  is  7.84.  AVhat  is  the  weight  of  10  c.'m.* 
of  the  nictal  in  grammes  ?  What  is  also  the  weight  in  kilogrammes 
of  a  sphere  of  iron  whose  diameter  equals  one  decimetre  V 

Ans.  78.4  grammes  and  4.105  kilogrammes. 

5.  What  is  the  weight  in  grammes  of  50  cTIu.*  of  oil  of  vitriol, 
when  the  JSp.  Gr.  of  the  liquid  is  1.8?  Ans.  90  grammes. 

6.  The  Sp.  Gr.  of  alcohol  being  0.8,  what  volume  in  litres  would 
weigh  7.2  kilogrammes?  Ans.  9  litres. 

7.  Assuming  that  the  earth  is  spherical,  and  its  mean  Sp.  Gr.  5.67, 
what  wouhl  be  its  weight,  using  as  the  unit  of  weight  a  kilometre 
cube  of  water  at  its  greatest  density  ?         Ans.  6,130,000,000,000. 

8.  Determine  the  Sp.  Gr.  of  absolute  alcohol  from  the  following 
data:  —  weight  of  empty  bottle  4.326;  weight  of  same  filled  with 
water  19.654  ;  weight  of  same  filled  with  alcohol  16.741. 

Ans.  0.8095. 
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9.  Detcnnltio  the  Sp.  Gr.  of  leaJ  from :  —  irngBt  of  empty  bottle 
ItB;  weigKt  ofwunc  Gllvd  vtitb  wuttr  19.054  ;  weight  ot  luaJ  gbot 
\AM  i  BviKlit  of  boitJe  filled  in  jiarC  with  the  shot  anil  the  re«t 
ilk  «auir  33.11)6.  Aus.  U.S. 

la  DeI«niUli«  liio  Sp.  Gr.  of  iron  frtrni :  —  weiglit  of  iron  in  air 
•S;  migUt  luiiler  vatcr  3.4:f.  Ans.   T.8'1. 

II.  Ddennine  Sp.  Gr.  of  wood  from: — weight  of  wood  ia  air 
iJS;  aciglit  uf  cop|>er  einker  in  lur  1 1  ;  weight  of  same  uoiler 
■Iw9.17;  weight  of  wood  with  sinker  under  wator  5.10  grftrumes. 
Ana.  0.M445. 

IS.  Bow  macti  volume  must  a  hollow  sphere  of  copper  have, 
lUiing  one  kilogrunme,  which  will  just  Uuat  in  water  'i  What 
■t  be  iIk  Toluuiu  of  thi:  copper  ? 

Au9.  One  i^ubic  decimetre  and  111.8  cTur' 

IJ.  How  much  Tolume  must  a  hollow  cylinder  of  iron  have,  which 
Mglw  10  kilo^>riunnit«  and  einks  one  half  in  water,  and  what  must 
)  Um  volume  of  the  metal  V   Am.  fiOand  I.27G  cubic  dotimetres. 

li.  What  ia  the  weight  in  grammes  (under  Btandoni  conditions) 

128  cTm.'  of  oKj-gen  ^s  (Sp,  Gr.  =  16)  ? 

Ads.  0,1814  g 


16.  How  manr  litre*  of  carbonic  anhydride  gas  (Sp.  Gr.  ^  32) 
mU  veigh  (under  normal  conditions)  4,480  kilogrammen  ? 

Ana.  S274  litres. 
It.  Solve  the  last  two  problems  by  [3].  nnd  show  ia  what  respect 
■  M«tlKNl  iliabn  Irom  that  indicated  by  [2]. 

17.  Wbal  is  the  weight  in  critbe  (under  stnndard  conditions)  of 
»  B(i*  of  nilro^'n  pu  (Sp.  Gr.  =  14),  of  one  litre  of  chlorine  gas 
Jp.  Gr.  =  3.^.S),  of  one  litre  of  msrsh  gas  (Sp.  Gr.  =  3),  and  of 
H  litn  of  ammonia  gas  (Sp,  Gr.  =  8.5)  ? 

Ans,   14,  33.5,  8,  and  8.5  criths  rejpecliyely. 
JB.  What  is  the  weight  in  grammes  of  one  litre  of  each  of  the 
amffoei  aatler  the  Mme  conditions? 

Arm.   1.254,  3,180,  0.T1G5,  and  0.7617  respectively. 
19.  Tlie  weight  of  one  litre  of  hydrochloric  acid  pm  ia  1.843 
■mmi!*;  oif  carbonic  oxide  gas  l.SAOO  grammes;  of  cynnngen  gas 
Itt  grMnme*,  and  of  liydrogvn  gas  0.08SC  grnmmcs.     What  is  the 
Mifie  gravity  of  each  of  these  gases  referred  to  air  ? 

Ans.  1,570,  0,06B6,  1,808,  and  0,OSD3  renpectjrely. 
N.  Wbal  is  the  volume  (under  standard  conditions)  of  I!,ft4 
vniiM*  of  nitrogen  gas,  when  specific  gravity  referred  to  air  is 
1702?  Ans.  10U»«a. 
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21.  What  18  the  weight  of  one  litre  of  air  in  criths? 

Ans.  14.42. 

22.  What  would  be  the  aacensional  force  of  one  thousand  litres 
of  hydrogen,  under  normal  conditions  ? 

Ans.  The  ascensional  fotce  is  the  difference  between  the  weight 
of  the  hydrogen  and  that  of  the  air  displaced.  Hence  in 
the  present  example,  the  ascensional  force  would  be  14,420 
—  1000  =  13420  criths,  or  1,201  grammes. 

23.  What  is  the  yalue  of  a  crith  in  grains,  English  weight 

Ans.  1.382  grains. 


4.  GmipouniU  and  EUnienti, — With  sixij-three  exceplions, 

1    knuwn  substances,  by  various    chemicnl   procesHes,  may 

ht  decompo^il,  and  hence   are   called  chemical  compound! ; 

"wliile   the  sixty'lUreo  substances  which   have    as   yet  uerer 

resolved  into  simpler  parts  ure  called  chemical  eUmentt. 

There   id  aoiDe   reason  Tor  believing  that  many,  if  not  all,  of 

elementary  subslancca  may  hereafter  be  decomposed,  and 

IteiiGe  they  rjin  only  be  considered  chemiwil  elemeuts  proris- 

lly  !  bill,  however  this  may  be,  all  known  materials  may  still 

be  regarded  as  formed  by  the  union  of  the  particles  of  one  or 

of  tlieso  eisly-tliree  substances.    A  Usi  of  the  chemical 

given  in  Table  II.     The  names  of  the  more  abun- 

daot  or  otherwise  more  important  elements  are  printed  in  Ro- 

letlers.    The  others  are  very  rare  subatancea,  and  are 

|iraclit-nlly  uuimportant.    Of  these  elementary  substances  more 

1  three  fourths  possess  metallic  projrtirties,  and  among  them 

all  tlie  useful  metals,  including  the  liquid  metal  mercury. 

The  rest  preaent  every  variety  of  physical  character.    Oxygen, 

fcydrc^n,  and  nitrogen  are  permanent  ga^ea.     Chlorine,  and 

|ir<)bnlily  fluorine,  though  gases  under  ordinary  conditions,  may 

bjr  prssi^ure  and  cold  bd  condensed  lo  liquids.     Bromine  is  a 

\rj  volatile  liquid  i  and  among  the  solids  we  have  every  gra- 

itioa  between  the  highly  volatile  iodine,  or  the  easily  fusible 

>n  the  one  hand,  and  carbon,  which  has  never 

^Ited,  on  the  other.    We  find,  also,  among  the  ele- 

cvery  difference  as  regards  density.     Hydrogen  gas  is 

lightest,  and  the  metal   platinum  the  heaviest  substance 

.•ral  of  the  elementary  substances  occur  in  a  free 

in  nature,  for  example,  oxygen  and  nitrogen  in  the  at- 

I,  carbon  in  the  eoal  beds,  eiitphur  in  the  neighborhood 

Mttm  Tvlcnnoes,  iron  in  meieoric  stones,  while  RisuuiCf  en* 
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timonj,  bismuth,  copper,  gold,  ailver,  mercury,  and  platinuin 
with  a  few  olber  rare  associates,  are  sumi^times  found  in 
more  or  less  pure  elate  in  metallic  veins.     Gold  and  platiDi 
are  usually  found  in  a  free  condition,  though  ns  a  rule  sf" 
alloyed  with  their  associated  metals  ;  but  nil  the  oilier  eU 
are  gtincnilly  found  in  combination,  and  the  greater  n 
ap{iear  in  nature  only  in  ihia  condition.    From  sueli  copi[ 
llie  elements  may  be  ejttracted  by  various  chemical  procesB 
which  will  appear  a&  wc  proceed.     Among  these  elements  t1 
usaful  metals  are  the  tools  of  civilization,  carbon  is 
Ter^l  fuel,  n'hile  sulphur,  phosphorus,  arsenic,  chlorine,  b 
mine,  and  iodine  bave  found  important  applications  in  tb 
&nd  are  therefore  articles  of  commerce ;  but  the  greater  n 
of  the  elements  are  only  to  be  seen  in  the  chemist's  laboratoij 
and  are  solely  objects  of  chemical  investigation.   The  elemi 
are  distributed  in  nature  in  very  unequal  proportions, 
least  one  half  of  the  solid  crust  of  the  globe,  eight  uintha  q 
the  water  on  its  surface,  nud  one  fifth  of  the  atmosphere  whid 
surrounds  it,  consist  of  the  one  element,  oxygen.     Moreove 
the  other  elements  are  usually  found   in   combination  ^ 
oxygen,  so  that  oxygen  may  be  regarded  aa  the  cement  t 
which  these  elementary  parts  of  the  world  are  held  1 
Next  in  abundance  is  silicon,  which,  afler  oxygen,  is  the  c 
«onBtituent  of  the  rocks,  and  makes  up  about  one  fourth  of 
earth's  crust.     Silicon  is  always  found  combined  with  oxj 
and  more  than  one  half  of  tlic  oxygen  of  the  globe  is  in  c 
bination  with  this  element.     Hence,  the  compound  of  tbe  t 
which  we  call  silica  or  (juarlz,  must  ninke  up  more  ibui  0 
half  of  our  solid  globe,  at  lea>l  as  far  as  its  composition  1 
known.     Afler  silienn  in  the  order  of  abundance  would  follq 
the  elements  aluminum,  calcium,  magnesium,  potassium,  I 
dium,  iron,   carbon,    sulphur,    hydrogen,    chlorine,   nitro 
which,  without  nttempting  to  discriminate  between  thcm.n 
np  altogether  very  nearly  the  oilier  fonrth  of  the  earth's  n 
for  the  remaining  filly  elements  —  inchidinj;  ull   the  u 
metals  except  iron  —  do  not  con^tiluie  altogether  more 
one  one-bundrcdtb.     OF  Iho  sixty-three  known  elements,  ll 
thirteen  alone  make  up  at  least  ^^^  of  the  whole  known  n 
of  lie  earth. 
J.  ^jtalyiis  and  Si/itlhesis.  —  The  composition  of  a 
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tnponnd  may  be  made  evident  In  twn  ways.  First,  by  break- 
g  Dp  the  compouml  inio  its  conslituenc  pnris ;  sceouillj,  by 
utiitlflg  ihe^Q  parts  and  reproducing  the  original  $ub^tnnce. 
be  fir«t  of  tlicse  meliiods  of  proof  is  called  aiialt/sls,  the  sec- 
id,  tynthrsit.  Ttie  etudy  nf  the  procesees  by  which  the  com- 
tsition  of  a  body  inny  he  discovered,  and  the  relative  nmounls 
'  iu  various  constituents  determined,  forms  an  imporiant 
«neh  of  practical  chemistry,  which  is  knowo  as  CJitmieal 
Haliftit,  and  tills  is  subdivided  into  Qualitative  oiid  Quantita- 
e  AnalyeU,  according  to  the  object  we  have  in  view.  Syn- 
aia  ta  chiefly  nf«d  to  prove  the  results  of  analysis. 
fi.  Lato  of  DefiniU  Proporliotis.  —  Numbcrluss  analyses 
ire  proved  tliat  any  given  chemieal  compound  alwayt  eonlaint 
t  ta/nt  ettmrntt  combined  i»  the  taiae  proportiotu.  ThuB, 
twn  we  analyze  water,  sugar,  and  salt,  we  always  obtain  the 
•nil  givRH  below ;  and  this  result  is  invariable,  saving  small 
row  of  observnlioti,  IVom  whatever  source  these  maleriala 
aj  be'drawn.  The  compositiOD  is  given  in  per  cents,  as  is 
tl  in  such  cases. 

(rMtr(Diuau).  Ut.  SugirlPcllgcit). 

Carbon,       42.06 
Hydrogen,    G.30 

Oxygen,     51.4i 

100.  100.  ]U0. 

CfiMnists  have  not  yet  sncceeiled  in  making  sugar  by  com- 
Bing  iu  elcmenls.  but  ihe  synlhesis  both  of  water  and  ^alt  is 
«ay  cflwiiwl,  nnJ  illustrates  slill  nioro  forcibly  the  same  law. 
Ilia  we  may  mix  needier  hydrogen  and  oxygen  ga?  in  any 
ppottioo.  but  wlieu,  by  passing  an  electric  Gpnrk  through  the 
bcnre,  we  cause  the  elements  to  combine,  then  tlie  gasea 
nte  in  the  ejcact  proportion  indicated  above,  and  any  exce«8 

one  or  the  other  which  may  be  present  is  left  over.  The 
W  of  definite  proporiions  gives  to  chemistry  n  maibemalical 
rill  for,  since  ilie  analyises  of  all  compounds  have  been  made 
kl  labolnlfd  in  n  way  lliat  will  be  soon  explained,  it  is  always 
nible.  when  llie  wel-ihl  of  a  comitound  is  ^ven,  to  calculate 
e  vejglitd  of  its  constituent*,  and,  when  the  weight  of  one  of 
U  known,  Co  calculate  the  weights  of  all  tlie  other 
lU  prevent. 


Sodium,    30.33 
Chlorine,  CO.GS 
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7.  Mixture  and  Chemical  Compound,  —  The  law  of  definite 
proportions  gives  a  simple  criterion  for  distinguishing  between 
a  mixture  and  a  true  chemical  compound.  In  the  first  the  ele- 
ments may  be  mixed  in  any  proportion,  but  in  the  true  com- 
pound they  are  always  combined  in  definite  proportions.  Thus 
we  may  mix  together  copper-filings  and  sulphur  in  any  propor- 
tion, but  as  soon  as  we  apply  heat,  and  cause  the  elements  to 
combine,  then  the  copper  combines  with  one  half  of  its  own 
weight  of  sulphur,  and  the  excess  of  either  element  above 
these  proportions  is  discarded.  Again,  in  a  mixture  however 
homogeneous,  we  can  generally,  by  mechanical  means  alone, 
distinguish  the  ingredients.  Thus,  in  the  mixture  just  referred 
to,  a  microscope  would  show  the  grains  of  sulphur  and  metallic 
copper,  with  all  their  characteristic  appearances ;  and  by  means 
of  carbonic  sulphide  we  can  easily  dissolve  out  all  the  sulphur 
from  the  mixture;  but  afler  the  chemical  union  has  taken 
place,  the  characteristic  properties  of  the  elements  are  merged 
in  those  of  the  compound,  and  no  such  simple  mechanical  sep- 
aration is  possible.  But  although  these  distinctions  are  gener- 
ally sufficient,  nevertheless  we  find  in  some  alloys,  in  solutions, 

and  in  a  few  other  classes  of  compounds,  less  intimate  condi- 
tions of  chemical  union  where  these  criterions  fail. 

8.  Law  of  Multiple  Proportions. — It  is  generally  the  case 
that  the  same  elements  unite  in  more  than  one  proportion,  form- 
ing two  or  more  different  compounds.  Now  we  always  find 
that  the  proportions  of  the  elements  in  such  compounds  are 
simple  multiples  of  each  other.  This  law  is  best  illustrated 
by  the  compounds  of  nitrogen  and  oxygen,  which  are  five  in 
number,  and  have  the  names  indicated  in  the  table  below.  In 
order  to  make  evident  the  law,  we  give,  not  the  percentage 
composition  as  above,  but  the  amount  of  oxygen,  which  is  in 
each  case  combined  with  one  and  three  fourths  parts  of  nitro- 
gen. 

COMPOUNDS  OF  NITROGEN  WITH  OXYGEN. 


Nitrous  Oxide, 

Nitrogen. 
By  weight. 

1.75 

Oxygen. 
By  weight. 

1 

Nitrogen. 
By  Tolume. 

2 

Ozygsn. 
By  TolniiM. 

1 

Nitric  Oxide, 

1.75 

2 

2 

2 

Nitrous  Anhydride, 
Nitric  Peroxide, 

1.75 
1.75 

3 
4 

2 

2 

S 

4 

Nitric  Anhydride, 

1.76 

• 

5 

2 

5 

CHAPTER  III. 


MOLECULES. 


9.  Moticulet.  —  In  order  to  bring  the  facts  of  cliemistry  Into 
with  each  other,  and  unite  ihem  in  an  harmonious  sys- 

1,  tlic  following  tlieory,  Srst  proposed  by  the  English  chemiBt, 
altoit,  and  known  as  the  Atomic  Theory,  ia  generally  accepted 
y  clkemUu.     Thid  theory  assumes,  in  the  first  place,  ihat  evi 
wlmterer  its  subi-taace  may  be,  ia  formed  by  the  aggre- 
of  minute  partii^lca  of  the  same  hind,  which  cannot  be 
ibt'f  Gabdivideil  without  destroying  llie  identity  of  tho  sub- 
De.     Thus  A  lump  of  sugar  is  aa  aggregate  of  minute 
niciN  of  sugar.     If  ihe  EUgar  ia  burnt,  these  particles  will 
•  Atrther  suLdiviileil ;  but  Uie  sugar  will  be  tlius  changed  int 
W  substances.     In  like  manner,  a  drop  of  wal£r  is  an  aggrf 
e  of  minute  particles  of  waler.     By  passing  a  current  of 
iricity  tbrougli  the  drop,  these  panicles  will  be  subdivided, 
re  shall  Lave  no  longer  water,  but  the  two  elemi 
,  oxygen  and  hydrogen,     Tlie  gmattest  paiiicle$  of 
BlMjr  iubiUuice  ir/iirh  can  exist  by  thenudvea,  we  call  moleculai. 

10.  /^j/tical  Properties  of  Mailer. — The  physical  qualities 
■  nf  ■  body  di-pend  solely  on  the  relations  of  its  molecules.     Tlie 

!  therefore  no  occasion  to  continue  the  eubdivision 
)}-nnii  tlifi  molecule,  which  ia  his  uniL 

•lirl.  —  In  a  solid  the    molecules    firmly  cohere,  ;iiid    llic 

e  wltidi  binds  them  logether  has  been  called  cohesion.     On 

1  size  of  the  molecules,  and  also  on  llie  mode  of 

jxiion,  is  supposed  to  dejieud  the  crystalline  form  of  each 

ince,  which  is  one  of  the  most  imporinnt  and  character- 

I  proitertles  of   matter,  and  one  to  which  we  shall  have 

■iun  bereufler  to  refer.     Oa  certain  relations  of  the  mole- 

I,  wliich  we  do  not  fully  understand,  depend  undoubtedly 

#ticiiy,  icnitrity,  ductility  or  mnllcuhility,  hardness,  tmnspar- 

',  d^«miiinc/,  juid  ibe  altied  qualitks  of  eoM  bodioa. 
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Liquid,  —  In  the  liquid  condition  of  matter  the  molecales 
have  more  freedom  of  motion  than  in  the  solid,  but  still  the 
motion  is  circumscribed  within  the  liquid  mass.  Moreover,  a 
certain  cohesion  still  exists  between  the  molecules,  and  on  this 
depends  the  form  of  the  rain-drop.  The  various  phenomena 
of  capillary  action  also  are  effects  of  the  cohesion  of  the  liquid 
molecules  modified  by  their  adhesion  to  the  surfaces  of  solids, 
and  the  solvent  power  of  liquids  is  a  still  further  effect  of  the 
same  mutual  action.  Connected  also  with  this  freedom  of 
molecular  motion  is  the  property  of  liquids  of  transmitting 
pressure  in  all  directions,  and  the  well-known  principles  of 
hydrostatics  to  which  it  leads;  but  this  property  belongs  to 
the  third  condition  of  matter  as  well. 

Gets.  —  In  the  aeriform  condition  of  matter,  the  motion  of 
the  molecules  is  only  circumscribed  by  the  walls  of  the  con- 
taining vessel,  or  by  some  force  acting  on  the  mass  from  with- 
out. The  molecules  of  a  gas  are  constantly  beating  against 
the  walls  which  confine  them,  and  were  they  not  thus  restrained 
.would  fly  off  into  space.  The  molecules  of  the  atmosphere 
are  restrained  by  the  force  of  gravitation,  and,  as  they  fly  up- 
wards like  a  ball  thrown  into  the  air,  they  are  at  last  brought 
to  rest,  and  fall  back  again  to  the  earth.  Hence  gases  always 
exert  pressure  against  any  surface  with  which  they  are  in  con- 
tact, and  we  measure  the  pressure,  or,  as  we  frequently  call  it, 
the  tension  of  the  gas,  by  the  height  to  which  it  will  raise  a 
column  of  mercury.  Chem.  Phys.  (158).  The  instrument 
used  for  this  purpose  is  called  a  barometer. 

The  height  of  the  mercury  column  which  represents  the 
pressure  or  tension  of  a  gas  is  always  represented  by  H. 

In  our  latitude,  at  the  surface  of  the  sea,  the  atmosphere  in 
its  normal  conditions  will  raise  a  column  of  mercury  76  c  m. 
high.  Hence  /T  =  76,  and  to  this  standard  we  always  refer  in 
comparing  together  the  volumes  of  different  gases. 

11.  Mariotte's  Law,  —  The  most  characteristic  feature  of 

the  aeriform  condition  is  the  great  change  of  volume  which 

gases  undergo,  under  varying  pressure,  and  the  special  law 

of  compressibility  which  they  obey.     J£  we  represent  by  H 

and  H*  two  conditions  of  pressure  to  which  the  same  body  of 

gas  is  at  different  times  exposed,  then  the  law  is  expressed  bj 

the  formula 

V:  V'  =  H'  :H.  [4^ 
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rer,  since  ite  specific  gravity  of  a  given 
1  be  llie  grealttr  iLe  k-ss  iu  volume,  it  is  also  t 
Sp.  Gr.  :  Sp.  Gr-.  =  H:  H\ 
land  laillj,  saara  tile  weight  of  a  given  volume  of 
f  propoiiiuiml  to  it*  specific  gravity,  we  also  h 
W :  ir'  =  H .-  //', 


i;  iLial 

P] 


■qual  vol  unit 


B  wliich  W  and  IT  represent  tlie  weight  of 

f  tfce  wwie  gas  under  tlie  two  pressures  //and  JI'. 

IS.    W«rt  a  Maniftitation    of    Moleruhr    Mutton.  —  The 

a  of  wliut  we  ciill  heat  are  suppoi^eil  tu  be  uicivly  mani- 

alioud  of  the  motion  of  the  molecules  of  bodiiia.      The 

ler  iliB  moving  power  of  the  molecule,  the  more  forcibly  it 

lur  nen-es  of  feeling.  And  hence  the  more  in- 

t  is  ttic  pensaiion  of  iiuat  produced  ;  and  to  the  condition 

r  wLieL  producea  this  eeneation  we  give  tlie  name  of 

The  gri'nliT  the  niovuig  power  of  the  molecules, 

tjatt  liiu  temperature ;  the  lees  the  moving  power,  the 

mat  the  tumpcrnture.     Moreover,  since  by  llie  very  defini- 

1  all  .tnoleculea  al  the  sums  temperature  are  in  the  condition 

awe  imsalion  of  heat,  we  must  assume  further, 

t,  whatever  Iheir  size  or  weight,  they  must  ail  have,  at  (lie 

0  lemperature,  the  same  moving  power.     The  light  mole- 

e  of  hydrogen  must  move  much  faster  than  ibu  heavy  mole- 

c  of  carbonic  anhydride  in  order  to  produce  the  jiame  effect. 

r  we  represent  the  mass  of  any  molecule  by  wi,  and  by  V 

»Tdocity  nt  any  given  lempiTalure,  then  the  moving  power 

II  be  represented  by  ^m  V,  Chera.  Phys.  (42),  and  this  will 

e  111*  aanie  value  for  every  molecule  at  the  eomo  temfwra- 

Willi  It  few  cicepliona,  all  bodies  expand  witli  an  in- 

;  leiDperaliire,  and  in  the  case  of  mercury  the  change 

"»  so  nearly  proi>oriionnl  to  the  change  of  tempera- 

!  may  use  the  varying  volume  of  a  confined  mass 

lud  M  a  measure  of  teinpenilure.     This  ia  the  sim- 

f  the  eommon  mercurial  thermometer,  and  in  this 

K  we  gliall  refi^r  all  temperatures  to  the  degrees  of  ibc  cen- 

!  scale.     These   degrees  nro   purely  arbitrary ;   but  to 

rrrjjionda  a  deSnile  value  of  jm   y\  although  wo 

'  t"-i;a  atilo  lo  connect  our  iirV'iir'.iry  wV.h  o\i'c 
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Wbea  we  increase  the  temperature  of  a  body,  we  must  of    , 
course  iucrease  the  moving  power  of  all  the  molecules,  each  b 
the  same  amount,  and  the  sum  of  the  moving  powers  whicJ: 
they  thus  acquire  ia  the  legitimate  measure  of  llie  amount  c 
heat  which  the  body  receives.    Hence,  while  Jm  V^  repreeenlAl 
the  temperature   of  a   body,  2  Jni  T*  repreBents   the  whol 
amount  of  heal  which  it  contains.     Practically,  however,  ' 
measure   quantity  of  heat  by  an  arbitrary  standard,  an*  y 
tthall  use  in  this  book  as  oiir  unit  the  amount  of  heat  requin 
to  raise  the  temperature  of  a  kilogramme  of  pure  water  ft 
0'  to  1°  cejitigrade.     This  we  call  the    Uiiil  of  Heat,  nnc 
has  been  found,  by  careful  experiments,  that  this  unit  of  li 
repreeeuts  an  amount  of  moving  power  which  is  adequate 
raise  a  weight  of  423  kilogramtnea  one  metre,  or  to  do  u 
other  equivalent  amount  of  work. 

13,    ErponsioH  by  lleaU  —  The  amount  of  expansion  which,! 
bodies  undergo  when  healed  has  been  carefully  mea.^ured  (1 
many  diSerent  substances,  and  the  results  are  tabulated  io  & 
works  on  physics.     Chem.  Phys.  Table  XV.     In  each  case  ii 
given  the  coefficient  of  expansion,  which  is  the  small  frai 
of  iU  volume  which  a  body  increases  when  heated  one  c 
grade  degree.    If,  now.  A' represents  this  fraction,  Kthe  ii 
volume,  V  the  new  volume,  (  the  initial  temperature,  n 
the  new  temperature,  then,  if  we  assume  that  the  expansioD  ii 
proportional  to  the  temjieraturc,  we  easily  deduce  the  formulafV 
Chem.  PhyB.  (239). 

V'=V{\+K{f-t)).  [7] 

This  formula  serves  to  calculate  the  change  of  volume  b 
of  solids  and  gases,  which  expand,  nearly  at  least,  proporti 
ally  to  the  temperature.  The  same,  however,  is  not  tnw 
liquids,  whose  rate  of  expansion  frequently  increases,  with 
temperature,  very  rapidly  ;  and  for  such  bodies  we  are  obltgB 
to  use  the  following  formula,  which  b  of  (he  general  forn 
which  every  algebraic  function  may  be  developed,  and  is  m 
less  simple :  — 

T'  =  r  (1  4-  ^  ( 4-  sc  +  cc  +  ^D.).     [a 

In  this  formula,  V  represents  the  required  volume  at  W 
temperature,  (.  and  V,  the  volume  at  0°,  which  is  assumed  t 
be  known ;  whilo^A,  B,  C,  &C.,  are  numerical  constants,  wU 
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icen  (tetcimined  by  experiment  in  the  case  of  most  lifjnida, 

.  Phr..  (255). 

i  M>li(b  anil  liquids  expand  with  irreBistible  force,  nn<I 

e,  thsreroro,  only  this  one  effect  to  consiJer  in  regun!  to 

n  of  lieat  tipon  them.     It  is  difTerenl,  however,  with 

By  cticloaing  a  gua  in  a  tight  vessel,  we  can  raise  its 

Mure  without  ehanging  \te  Tolume,  except  so  fur  as  the 

enlarged  by  the  heat.     The  effect  of  the 

I,  then,  to  increase  the  leoBion  or  prepare  of  tlie  gas. 

n  thn  casn  of  a  gaa,  we  may  have  two  distiDct  effects ; 

:  of  Tolume,  when  the  pressure  is  cousiant; 

e  of  tension,  when  the  volume  is  constant. 

I  Tolume  may  alwnrs  he  calculated  from  the  in- 

I  difference  of  temperature,  hy  meana  of  the 

V':=  r  (I  4-  0.0036C  (C  —  ()),  [!)] 

L  differs  iVom  that  just  given  only  in  that  the  niimericul 
n  Bubatiluted  for  K,  —  ihia  heing  the  eaiue  for  all 
!  other  hand,  the  increased  tension  miiy  always 
i  from  the  initial  tetieion,  by  means  of  the  corrc- 
mula, 
^  =  ^■(1  +  0.003CG  (/'  — 0).  [10] 

b  Jfand  //'  stand  for  the  heights  of  the  mercury  enl- 
B  wbieh  measure  the  initial  and  final  tension  respectively. 

tt  formula  i^  easily  deduced  from  the  first,  on  the  prin- 
I  of  Mariolie'a  law,  stated  above.      Chera.  Phys.  (2'!l) 

of  temperature  produce  such' important  changps 
lume  and  specific  gravity  of  all  l)o<lies,  and  especially 
ibnt  it  hecomes  freijuently  easential,  before  eompar- 
hcr  different  oheervntlons,  to  reduce  them  all  to  some 
lemperature.  Moat  scientilic  men  use,  as  this  stand- 
^erutitre.  0°  cenli^ade,  and  pcienlJBc  measures  are 
lly  adjusted  to  this  standard  :  hut  GO"  Fahrenheit,  corre- 
to  10''.S  cenligrailf,  is  often  a  more  convenient  stand- 
it  is  nearer  tlie  mean  temperature  of  tliti  air,  and 
tft>rij,  DOt  onfreqaenlly  employed. 

of  Slate.  —  Many  sulwlances  are  capabW  ot  ex- 


]G 


MOLECULES. 


n  all  tbe  three  condilioos  of  matter.     Now,  we  find  that "; 


whenever  a  solid  changes  to  a  liquid,  or  a  liquid  to  a  gas,  heat  | 
ia  absiirbed ;  and  converselj,  whenever  a  gaa  is  liijuefled.  or  a  | 
liquid  becomes  a  »olid,  heat  ie  evolved ;  although,  as  a  general  | 
rule,  this  change  of  slate  ia  accompanied  by  no  change  of  tem- 
perature.    Thus,  one  kilogramme   of  ice,  in  melting,  nbsorlM   . 
79  units  of  heat,  although  the  tenijierBture  remains  at  0°  dnr^  ^ 
ing  the  change ;  and  wlien,  by  boiling,  a  kilogramme  of  water    ' 
is  converted  into  eleam,  under  the  noi'mal  pressure  of  the  air, 
no  lees  than  537  units  of  heat  diaapjiear,  although  the  leo- 
perature  both  of  tiie  fleam  and  of  the  water  is  constant  at  100*   < 
during  the  whole  period.     On  tbe  other  hand,  when  tlie  steam    , 
ia  condensed  or  the  water  frozen,  absolutely  the  same  amount   ' 
of  heat  in  set  free  as  was  before  ab^Kjrbed.     The  heat  thus  ab* 
sorbed  or  set  free  is  generally  called  the  lalent  htat  of  Ihe  Ui]^  ^ 
or  gits,  and  in  the  case  of  many  eubaiances  the  amount  I 
been  carefully  measured.     Chem.  Fhys.  (277)  and  (2tl9).  Ae- 
cording  to  the  theory  we  are  Blu<lying,  the^e  effects  are  tbs 
direct  results  of  the  molecular  condition  of  matter.  The  cbangs 
of  state  must  be  accompanied  by  a  change  in  the  relative  p 
of  the  molecules,  or  in  their  distance  from  each  other ;  and  fhls 
change,  in  its  turn,  must  be  attended  with  a  destruuCion  o 
duction  of  the  moving  power  on  which  the  effocla  of  lie 
pend.    Chem.  Phys.  (215  his.). 

15.  Sources  of  Heat.  —  The  sun  is  the  original  BOUm  tf 
almost  all  the  heat  we  enjoy  on  llie  earth,  for  the  elTcct  of  iImi;; 
earth's  iriiernal  heat,  at  it*  surface,  is  at  best  very  itmsllt^ 
and  all  our  arlilicial  sources  of  heat  have  drawn  tlieir  eupp^ 
either  directly  or  indirectly  from  the  great  central  lumllUUTt 
According  to  our  theory  tbe  elTect  of  the  sun's  rays  ia  a  sim|A 
result  of  the  transfer  of  molecular  motion  from  I 
the  earth,  either  by  some  unknown  inHueuec  exerted  ftoai'% 
distance,  or  el^e  by  an  actual  transfer  of  motion  throu^  i 
material  particles  of  the  ether,  which  is  assumed  to  fill  tl)a|j 
len-cning  space.  The  great  source  of  all  arlilScJal  heat  ii 
busllon  in  iis  many  forms,  and  this,  as  ve  shall  hereafler  ei 
merely  a  cla.^bing  together  of  material  molecules,  and  ia  n 
earily  attended  with  a  great  development  of  that  moving  [i 
to  which  we  refer  all  thermal  effocls. 

.  SpeciJU  Hunt.  —  Th'!  amuunl  of  Uciit  roriuiri 


a  Ihe  aane  extant  the  Icmiicrature  of  equal  weights  of  difTeiw, 
nl  eulMtaooee  ii  by  no  means  tlie  siunc.  Xbe  quantiiy  is  capur 
lie  in  «ny  cam  of  exact  mcasnreuieut,  and  is  called  llie  specific 
mt  or  iho  Fubsltmce.  Tlie  amounl  of  heat  required  to  raise  the 
empcnuuro  of  one  bilogrAimna  of  water  otte  centigrade  degree 
IM  bi'cn  tu^umed  u-t  tlie  unit,  and  we  express  llie  specific  Iieat 
f  odicr  subtttunces  in  terms  of  this  measure.  Moreover,  sitice 
rhb  th«  exception  of  Iiydrogen  the  specific  beat  of  water 
I  greater  than  lliat  of  any  substance  Imown,  Ihe  specific  lical 
f  all  otb«r  bodies  must  be  expressed  by  fractional  numbers, 
h  every  case,  unless  otherwise  slated,  the  numbers  indicate 
rbat  fraction  of  a  unit  of  heat  would  be  required  to  ruiae  the 
cmperature  of  one  kiiogramme  of  the  substance  from  0°  to  1° 
Batignide.     Cbem.  Phya.  (232). 

17.  Molecvlar  Condilioft  of  Gases.  —  Tlie  aeriform  state 
1  fay  far  the  simplest  condition  of  matter,  and  tliere  are  two 
KulittHlieH  in  its  properties  which  lead  to  important  concla- 
ooB  ID  regard  to  its  molecular  conditions.  These  charoeter- 
tia  arc  as  fallows :  First,  All  true  gases  obey  the  same  law 
r  eompressibility.  Secondly,  Equal  volumes  of  all  true  gascB 
jcrand  equally  on  the  stuue  increase  of  temperature.  Chem, 
Tiy«.  (262),  Now  according  to  our  theory  these  peculiar 
dtitions  of  tlic  aeriform  condition  of  matter  con  only  be  ex- 
tidned  on  the  assumption  that  Equal  volumet  of  all  gates  eon- 
m  Ae  tame  number  of  rnohntks.  Ic  can  easily  be  seen  that 
M  properties  just  enumerated  would  be  a  necessary  conse- 
UODCE  of  this  fact,  and  tins  important  theoretienl  deduction 
M  at  the  basis  of  our  modem  theories  of  Chemistry.  This 
eetiliar  molecular  condition,  however,  is  only  found  in  the  gas, 
■r  il  is  only  in  this  stale  that  the  molecules  are  sufficionlly 
ipirhted  from  each  other  to  be  freed  (rom  the  mutual  action 
r  thoBo  molecular  forces  which  give  rise  to  far  more  com- 
Kcated  relations  in  both  liquid  and  solid  bodies.  Moreover, 
ith  «ur  ordinary  gases  (in  the  degree  of  condensation  in 
'hivh  tlxry  exist  under  (he  pressure  of  the  atmosphere),  the 
lokciiles  nre  not  yet  siilliciently  for  apart  to  be  wholly  freed 
om  tbe  (-Sects  of  their  mutual  action,  and  hence  the  tlieo- 
Micst  eoodition  is  not  absolutely  fulfilled;  and  in  vtipora, 
bare  the  molecules  are  still  closer  together,  the  v&riallon 
vra  tKtt  Iheury  u  quite  liirge.    In  proportion  nn  the  giu  ex- 
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isting  in  al!  the  three  conditions  of  matter.     Now,  we  fl: 
vt'benevor  a  solid  changes  to  a  liquid,  or  a  liquid  to  a  gc 
is  nbsorlied;  and  conTereely,  whenever  a  gas  Is  liiiuelic 
liquid  becomes  n  wlid.  heat  is  evolved  t  aithougli,  i 
rule,  this  change  of  slate  is  accompanied  by  no  change  o 
porature.     Thuci,  one  kilogramme   of  ice,  in  tnelliug,  aba 
79  units  of  beat,  although  the  tempera  lure  remains  at  0°  < 
liig  the  change ;  and  when,  by  boiling,  a  kilogram 
ia  convened  into  steam,  under  the  normal  pressure  of  the  J 
DO  less  than  537  units  of  heat  disappear,  althongh  the  (■ 
perature  both  of  the  sleam  and  of  the  water  is  constant  at  Ifl 
during  the  whole  period.     On  the  otlier  hand,  when  the 
is  condensed  or  the  water  frozen,  nivsolutely  the  same  t 
of  heat  is  set  free  as  was  before  ab^rbed.     The  heat  tl 
sorbed  or  set  free  is  generally  called  the  lalnU  heat  of  the  1! 
or  gas,  and  in  the  case  of  many  subslances  the  amnunt  I 
been  carefully  measured.     Chem.  Fhys.  (277)  and  (298).  / 
cording  to  ihe  theory  we  are  studying,  these  effects  are  I 
direct  results  of  the  molecular  condition  of  matter.  The  cbal 
of  stute  must  be  accompanied  by  a  change  in  the  relai 
of  the  molecules,  or  in  their  distance  from  ench  other ;  uod  i 
ctiangc,  in  its  turn,  must  be  attended  witli  a  destruction  orri 
duction  of  the  moving  power  on  which  the  effects  of  heal 
pend,    Chem,  Phys.  (215  bis.). 

15.  Sources  of  Heat.  —  The  sun  is  the  ori^nal  aaun 
almost  all  the  heat  we  enjoy  on  llie  earth,  for  the  effect  o 
earth's  iniernal  heal,  at  its  surface,  is  at  best  very  smal 
and  nil  our  artifici.il  sonrees  of  heat  have  drawn  llieir  « 
eillier  direcily  or  indirectly  from  the  great  central  luraiai 
According  to  our  theory  the  effect  of  the  sun's  rays  is  a  i 
result  of  the  transfer  of  molecular  motion  from  the  I 
the  earth,  either  by  some  unknown  influence  exerted  f 
distance,  or  else  by  an  actual  transfer  of  motion  thraogli  I 
material  particles  of  the  ether,  which  is  assumed  to  fill  iJ 
tcrvcning  space.  The  great  source  of  all  artificial  heat  u 
bustion  in  its  many  forms,  and  this,  as  we  shall  hereafter  Bi 
merely  a  clashing  together  of  material  molecules,  and  ib  n 
aarily  attended  with  a  great  development  of  that  moving  p 
to  which  we  i-efer  all  thermal  effects. 
JJh  Specific  HenL  —  The  amuunt  of  beat  req^aircd  I 
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»  Ihe  aanie  exlant  the  tcmperalureof  equal  weighia  of  diJftS 
Bt  Milwtaiices  id  by  do  means  the  same.  The  ([uanlity  is  cnpa- 
le  in  u>y  case  of  exact  meaiuremcnt,  and  is  called  the  specific 
eat  of  Uie  sulKlatice.  The  amount  of  heat  required  to  rat^e  the 
■fnpcniture  of  ono  kilogrnmme  of  water  one  cenligrade  degree 
u  heim  assumed  us  the  unit,  and  we  express  the  specific  heot 
Totber  eubeiiinces  iu  tcrnia  of  this  measure.  Moreover,  Binco 
itb  the  exception  of  hj'ilrogen  the  specific  heat  of  water 
.  greater  thau  that  of  any  substance  known,  the  specific  heat 
r  ftU  ottier  bodies  must  be  expressed  by  fractional  numbers. 
3  every  cose,  unless  otherwise  stated,  the  numbexs  indicate 
bat  fraction  of  a  unit  of  heut  would  be  required  lo  raise  the 
SopenUure  of  one  kilogrnrnme  of  the  substiuice  from  0'  to  1° 
ntigntde.  Chem.  Phys.  (232). 
17.  MoUeuUiT  Coniiilion  of  Gases.  —  The  aeriform  slate 
by  far  the  simplest  condition  of  matter,  and  tliere  are  two 

properties  which  lead  to  imporiani  conclu. 

its  molecular  conditions.  These  cliaracter- 
ics  are  as  follows :  Fij-st,  All  true  gases  obey  the  same  law 
eompreseibiltly.  Secondly,  Equal  volumes  of  all  true  gases 
[pond  equally  on  the  same  increase  of  temperature.  Chem. 
bys.  (262).  Now  according  to  our  theory  these  peculiar 
laiions  of  the  aeriform  condition  of  matter  can  only  be  cx- 
bined  en  the  assumption  that  Equal  volwnet  of  att  gaset  eon- 
^n  Oi*  tame  nmnbtr  of  moUcvlei.  It  can  easily  be  seen  that 
Ml  properties  just  enumerated  would  be  a  necessary  conse- 
>mce  of  tliis  fuct,  and  this  important  theoretical  deduction 
Bs  ai  the  basis  of  our  modem  theories  of  Chemistry.  This 
miliar  molecular  condition,  however,  is  only  found  in  the  gas, 
f  it  b  only  in  this  slate  Ihnt  the  moleeules  are  sufiicienlly 
ipamted  from  each  other  to  be  freed  from  the  mutual  action 
■  those  molecular  forces  which  give  rise  to  far  more  coni- 
icated  relations  in  both  liquid  and  solid  bodies.  Moreover, 
lib  our  ordinary  gases  (in  Ihe  degree  of  condensntJon  in 
bich  tbey  exist  under  the  pressure  of  the  atmosphere),  the 
olcculea  are  not  yet  sufficiently  far  apart  to  be  wholly  freed 
the  eflects  of  their  mutual  action,  and  hence  Ihe  theo- 
aot  absolutely  fulfilled  ;  and  in  vapora, 
i  tha  molecules  are  still  closer  together,  the  variation 
tbe  theory  i»  i|uiic  large.     In  pmpoition  u:  the  gas  cx- 
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tands,  the  theoretical  condition  is  approached,  and,  when  in  a 
state  of  great  expansion,'  equal  volumes  of  all  gases  would 
undoubtedly  contain  exactly  the  same  number  of  molecules.  It 
is  only  then  that  we  reach  the  condition  of  what  we  have  called 
above  the  true  gas,  and  this  is  our  criterion  of  its  state,  —  that 
it  obeys  absolutely  the  law  of  Mariotte.  A  very  important 
corollary  follows  at  once  from  the  principle  we  have  just  de- 
duced. 

The  molecular  weight  of  all  substances  is  directly  propor^ 
tioned  to  their  specijic  gravities  in  the  state  of  gas. 

We  have  adopted  in  this  book  hydrogen  gas  as  our  unit  of 
specific  gravity  for  aeriform  substances,  and  were  we  also  to  take 
the  molecule  of  hydrogen  as  our  unit  of  molecular  weight,  then 
the  number  which  expresses  the  specific  gr&vity  of  a  gas  would 
express  also  ita  molecular  weight.  But  for  reasons  which  will 
appear  hereafter,  we  have  selected  the  half  hydrogen  molecule 
as  our  unit,  and  hence  the  molecular  weight  of  any  substance 
in  terms  of  this  unit  is  always  twice  its  specijic  gravity  in  the 
state  of  gas.  In  Table  III.  we  have  given,  according  to  the 
most  accurate  experimental  data,  the  Sp.  Gr.  (referred  to 
hydrogen)  of  all  the  best  known  gases  and  vapors,  and  in  a 
parallel  column  we  have  also  given  the  Half-molecular  Weights 
of  the  same  substances  determined  by  chemical  analysis,  in  a 
manner  which  will  be  hereafter  described.  It  will  be  seen 
that  the  numbers  in  the  second  column  are  almost  precisely 
the  same  as  those  in  the  first,  and  the  slight  differences 
which  will  be  noticed,  either  arise  from  the  fact  that  the 
vapors,  under  the  conditions  in  which  alone  tli^eir  Sp.  Gr. 
can  bo  accurately  determined,  are  not  true  gases,  that  is,  do 
not  exactly  obey  Mariotte's  law ;  or  in  other  cjises,  where 
the  differences  are  more  considerable,  may  be  referred  to  a 
partial  decomposition  of  the  substance  itself  in  the  process  of 
the  experiment.  In  solving  the  problems  of  this  book,  and 
generally  in  most  chemical  problems,  the  Half-molecular  weight 
may  be  taken  as  the  true  Sp.  Gr.  The  logarithms  of  these 
values  given  in  the  last  column  of  the  table  will  be  found  useful 
in  this  connection.  Although  only  given  to  four  places  of 
decimals,  they  exceed  in  accuracy  the  experimental  data.  The 
values  in  the  column  of  0p.  ®t.  referred  to  air,  are  given,  as 
a  rule,  to  one  decimal  place  beyond  the  limit  of  ei*ror. 
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Questions  and  Problems. 

1.  Are  the  qualities  of  a  molecule  of  any  substance,  the  same  as 
those  which  distinguish  the  substance  itself? 

2.  What  is  the  distinction  between  cohesion  and  adhesion  ? 

3.  When  the  barometer  stands  at  76  c.  m.,  with  what  weight  in 
grammes  is  the  air  pressing  against  each  square  centimetre  of  sur- 
Cice?     Sp.  Gr.  of  mercury  13.596.  Ans.  1033. 

4.  To  what  difference  of  pressure  does  a  difference  of  one  centi- 
metre in  the  barometric  coluom  correspond  ? 

Ans.  13.596  grammes. 

5.  "When  a  mercury  barometer  stands  at  76  c.  m.  how  high  would 
a  water  barometer  stand  ?  Also,  how  high  would  barometers  stand 
filled  with  alcohol  or  sulphuric  acid,  disregarding  in  each  case  the 
tension  of  the  vapor?  Sp.  Gr.  of  alcohol  0.81 ;  Sp.  Gr.  of  sulphuric 
acid  1.85.  Ans.  1033;  1275  and  558.2  c.  m. 

6.  A  volume  of  hydrogen  gas  was  found  to  be  200  c.  m.*  The 
height  of  the  barometer  observed  at  the  same  time,  was  74  c.  m. 
What  would  have  been  the  volume  if  observed  when  the  barometer 
stood  at  76  c.  m.  Ans.   194.7  cTTn.^ 

7.  A  volume  of  nitrogen  standing  in  a  bell-glass  over  a  mercury 
pneumatic  trough  measured  250  cTm."  The  barometer  at  the  time 
stood  at  75.4  c.  m.,  and  the  level  of  the  mercury  in  the  bell  was 
found  by  measurement  to  be  6.5  above  the  surface  of  the  mercury 
in  the  trough.    Required  to  reduce  the  volume  to  standard  pressure. 

Ans.  The  pressure  of  the  air  on  the  surface  of  the  mercury  in  the 
trough  (measured  at  75.4  c.  m.)  was  balanced  first  by  the 
column  of  mercury  in  the  bell,  and  secondly  by  the  tension 
of  the  confined  gas.  Hence  the  pressure  to  which  the  gas 
was  exposed  was  equal  to  75.4  —  6.5  =  G8.9  c.  m.  and.  we 
have  76  ;  68.9  =  250  :  x  =  226.7  cTm.' 

8.  What  would  be  the  answer  to  the  same  problem,  had  the 
^ugh  been  filled  with  water  ? 

Ans.  The  water  column  in  the  bell  ex<»rts  a  pressure  which  is  as 
much  leas  than  the  pressure  of  the  mercury  column  in  the 
previous  problem,  as  the  Sp.  Gr.  of  water  is  less  than  the 
Sp.  Gr.  of  mercury.  Hence  we  have  13.6  :  1  =  6.5  :  0.48, 
also  75.4  —  0.48  =  74.92,  and  76  :  74.92  =  250  :  u;=  246.4 
c.  m. 

9.  A  closed  vessel,  which  displaces  one  litre  of  air,  is  poised  on  a 
balance  with  weights,  whose  volume  is  inconsiderable  when  com- 
pared with  that  of  the  vessel.     The  balance  is  in  equilibrium  when 
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the  barometer  stands  at  76  c.  m.    If  the  barometer  falli  to  71  c.  m. 
how  much  weight  must  be  added  to  restore  the  equilibrium  ? 

Ans.  85  milligrammes. 

10.  Given  the  weight  of  one  litre  of  dry  air  under  the  normal 
conditions  as  14.42  criths,  what  will  be  the  weight  of  one  litre  of 
dry  air  at  the  normal  temperature,  but  under  a  pressure  of  72  c.  m.  ? 

Ans.  13.67  criths. 

11.  A  volume  of  gas  measures  500  c.  m.'  at  15°  what  will  be  its 
volume  at  288^.2  ?  In  this  and  the  next  three  problems  the  pressure 
is  assumed  to  be  constant.  Ans.  1000  c.  m.® 

12.  To  what  temperature  must  an  open  vessel  be  heated  before 
one  quarter  of  the  air  which  it  contains  at  0°  is  driven  out  ? 

Ans.  9R07. 

13.  An  open  vessel  is  heated  to  819^.6.  What  portion  of  the  air 
which  the  vessel  contained  at  0°  remains  in  it  at  this  temperature  ? 

Ans.  \. 

14.  A  closed  glass  vessel,  which  at  13°  was  filled  with  air  having 
a  tension  of  76  c.  m.  is  heated  to  559°.4.  Determine  the  tension  of 
the  deatcd  air.  Ans.  3  atmospheres. 

15.  Reduce  the  following  volumes  of  gas  measured  at  the  tem- 
peratures and  pressure  annexed  to  0°  and  76  c.  m. 

1.  140   cTm.^      -^"=57  0.  m.       ^  =  130°. 6      Ans.  70  cTm.* 

2.  820   cTm.*      //  =  95  c.  m.       ^  ==    91°.l     Ans.  800  cTm.* 
8.  480  cHir.'      //=88c.  m,      t  =^    68=*.3    Ans.  192crm.* 

16.  What  is  the  weight  of  dry  air  contained  in  a  glass  globe  of 
640  c.  m.'^  capacity  at  the  temperature  546°.4  and  under  a  pressure 
of  71.25  c.  m.  Ans.  0.2583  grammes. 

General  Solution,  —  In  order  to  make  the  solution  general  we 
will  represent  the  capacity  of  the  globe,  the  temperature  and  the 
height  of  the  barometer  by  V,  t  and  H  respectively.  We  can  also 
easily  find  from  Table  HI.  that  one  cubic  centimetre  of  dry  air  at 
0^,  and  when  the  barometer  stands  at  76  c.  m.,  weighs  14.42  criths 
or  0.001292  grammes.  To  find  what  one  cubic  centimetre  would 
weigh  when  the  barometer  stands  at  H  centimetres,  we  make  use 
of  proportion  [6],  whence  we  derive 

w  =  0.001292  .  5, 

the  weight  of  one  cubic  centimetre  at  0^  and  under  a  pressure  of 
II  centimetres.    To  find  what  one  cubic  centimetre  would  weigh 
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■  the  Mme  pr«fBare  bat  »t  (',  It  must  be  remembered  that  one 
ceutimetre  at  0=  lieconiis  (J  -+- 1  O.003C8)  cubic  centimetrea 
[7]  J  therefore  at  I"  and  at  U  cenliinetres  of  the  bnroaieter 
1  -I-  I  (1.00366)  cTin:*  neigh  O.M120  .  ^  grammes.  B/  fnuMing 
wo  lomu  we  obtain 


(1  +ro.oo3Ge)  =  0.00120 . 


1  = 


H 


'   70' 


e  weight  of  one  cubic  ccDtimetre  at  t°  and  under  a  pressure  of 
centimetres.     The  weight  of  V  cubic  centimetres  («.-)  is  evideutly 

[10  «] 

KM  fiw  in  this  lolutioa.we  have  neglected  the  change  in  capacity 

tlie  glaw  globe  due  tu  the  change  of  temperature.     Thia  causel 

tendblo   error  when  the  change  of  temperature  i«  «maJI,  but 

'bm  the  change  of  temperature  is  quite  large  tho  change  of  ca- 

atjr  of  th«  globe  must  be  coneidered.  If  the  capacity  a  V  c.^ml' 
0»   it   becomes  at  l"  V   (1  +  (  0.00003).     (See   Cheni.  Phya. 

341  -  2U.)     Introducing  this  value  for  V  into  the  above  equa- 

ns  we  obtain 

,=  O.0O129  V  (I  +  ,  0.00003)  .  ,^,l^„,  .  -J  [10 i] 

13.  B«quWl  a  general  method  for  determining  the  gp.  @r.  of 

The  ipeciRc  gravity  of  a  vapor  hai  been  dellned  as  Eta 
cooiparcd  with  the  weight  of  the  same  volume  of  hydrogen 
M  under  the  snme  uondiliona  of  temperature  and  pressure,  but 
vetinlly  it  it  mont  convenient  to  determine  tlie  Sp.  ©c  with 
larmc*  to  air,  and  Eobsequently  to  reduce  the  result  to  the 
nfavgen  atandard. 

To  find,  then,  the  Qp.  (3r.  of  a  vapor,  wo  must  ascertain  the 
ligiit  of  a  known  volume,  V,  at  a  known  temperature,  I,  and  under 
known  pn-nure,  H,  and  divide  this  by  the  weight  of  the  same 
lioiDe  of  air  at  the  tome  temperature,  and  under  [he  same  pressure, 
ha  uctliod  may  best  be  explained  by  an  example.  Suppose, 
«n,  tliat  we  wish  to  atn-ertain  the  gn,  (ff>x,  of  alcohol  vapor. 
Tt  take  a  light  glaia  globe  having  a  capacity  of  fVom  400  to  500 
"Bt*,  and  dm*  the  nei'k  out  in  the  Hume  of  a  blast  lamp,  ao  as  to 
wn  only  ■  fine  ppetting,  oi  shown  in  the  iiguru  al  a.    Tho  firvt 


itep  n  now  U>  aacerUin  tlie  wei(;ht  of  tho  glass  globe  t 
pletel/  exh&uBted  of  air.     Am  this  cannot  readily  be  done  direvth 
tre  weigL  the  globe  full  ofni 
then  Bublract  tlie  ireigbt  of  the  il 
ascertained  by  calculation  from  t| 
capacity  of  t!ie  globe,  u-n'  ' 
lAmperature  and  pressure  of  t 
air,  by  means  of  equation  (lOi 
Call  the  weight  of  the  glulip  and  ■ 
W,  and  the  weight  of  tlie  ai 
W — 10  in  the  weight  of  the  gloj 
exhausted  oCair.    The  Bovond  bI 
is  to  ascertain  the  weight  of  l] 
glotie  filled  with  alL-ohol  v 
a  knbwn  temperature,  and 
known  pressure.     For  this  pur 
we  inlrodure  into  the  globe  a 
grammes  of  pure  alcohol,  and  mount  it  on  the  «uppart  represei 
in  the  accompanying  figure.     By  loosening  the  iH:rew,  r,  we  | 
■ink  the  balloon  beneath  the  oil  contained  in  the  iron  vessel,  V,  t 
secure  it  in  thia  position.     We  now  slowly  raise  the  temperature  0 
the  oil  to  between  300"  and  400°,  which  we  observe  by  means  of 
thermometer,  T.     The  aloobol  changes  to  vapor,  and  drive*  ottl 
air.  which,  with  the  excess  of  vapor,  escapes  at  a.     When  the  ' 
has  attained  the  reqiiisite  temperature,  we  close  the  opening  a 
suddenly  melting  Ihu  end  of  the  tube  at  a  with  a  mouth  bl 
■nd  as  nearly  as  posniblo  at  the  name  moment  observe  the  ti 
ture  of  thu  bath  and  the  height  of  the  barometer.     We  have  n 
the  globe  filled  with  alcohol  vapor  at  a  known  temperature,  i 
under  a  known  pretoure.    Snce  it  is  hermelically  sealed,  its  w 
cannot  change,  and  wu  can  therefore  allow  it  to  cool,  clean  il 
weigh  it  at  our  leisure.     This  trill  give  us  the  weight  of  the  gl4 
filled  with  alcohol  vapor  at  a  known  temperature.  (',  and  unc' 
known  prcisnrc,  H'.     Call  this  weight  W.     The  weight  o 
vapor  is  AV  —  W  -f-  •"■     The  third  step  is  to  ascertain  the  w 
of  the  same  volume  of  air  at  the  same  temperature  and  under  I 
fame  pressure.     This  can  easily  be  found  by  calculation  from  e 
Uua  {10  L).     Thelast  step  is  to  find  the  capacity  of  the  globe,  w' 
although  we  have  supposed  it  known,  is  not  actually  ascerl 
experimentally  until  the  end  of  the  process.     For  this  purpc 
break  off  the  tip  of  the  tube  (n),  under  merciiry,  which,  if  tl 
periment  has  been  carelbiiy  conducted,  rushes  in  and  tills  the  g 
I'Ompletel}'.     We  then  empty  this  mercury  into  a  carefully  gra 
ated  ghiss  cylinder,  aud  read  off  the  volume.     We  find   t' 
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6tl.  (St.  ^7  diyiding  the  weight  of  the  vapor  by  the  weight  of  the 
air.    The  fonnulfB  for  the  calculation  are  then 


Weight  of  the  globe  and  air, 


a 


air 


tr  =  0.001292  V. 


W. 

H 


« 

U 

«< 

a 

u 

u 

M 

u 

1  4-  t  0.00366  •  76* 
globe  exhausted  of  air,  W  —  w. 

**     filled  with  vapor  at  a  temperature  t'  and 

under  a  pressure  H',  W. 

vapor,  W'  —  W  -}-  w. 

air  at  ^  and  under  a  pressure  H',  =» 

H' 
00366  '  76' 


0.001292  V  (1  +  r  0.00008)  .  ,    .    ,,\^ 
^      •  '     1  -f-  I   0. 


2p.®r. 


W  —  W  4-  U7 


0.001292  V  (1  4-  «'  0.00003)  .  ^^^m  •  ^ 


1.  Ascertain  the  Qn  (Qx.  of  alcohol  vapor  from  the  following 
data:  — 


Weight  of  glass  globe. 

VV 

50.804 

grammes. 

Height  of  barometer, 

H 

74.75 

centimetres. 

Temperature, 

t 

18° 

Weight  of  globe  and  vapor, 

W' 

50.824 

grammes. 

Height  of  barometer, 

H' 

74.76 

centimetres. 

Temperature, 

r 

167° 

Volume, 

V 

351.5 

cubic  centimetres. 
Ans.  1.575. 

2.  Ascertain  the  Qn  @f .  of  camphor  vapor  from  the  foUowing 
data:  — 


Weight  of  glass  globe. 

VV 

60.134 

grammes. 

Height  of  barometer. 

H 

74.2 

centimetres. 

Temperature, 

t 

13°.5 

Weight  of  globe  and  vapor. 

W 

50.842 

grammes. 

Height  of  barometer, 

H' 

74.2 

centimetres. 

Temperature, 

• 

i 

244° 

Volume, 

V 

295 

cubic  centimetre^). 

• 

Ans.  5.371. 

CHAPTER   IV. 

ATOMS. 

18.  Definition. — The  atomic  theory  assumes  that  so  long 
as  the  ideuti|j  of  a  substauce  is  preserved  its  molecules  remain 
undivided  ;  but  when,  by  some  chemical  change,  its  identity  is 
lost,  and  new  substances  are  formed,  the  theory  supposes  that  the 
molecules  themselves  are  broken  up  into  still  smaller  particles, 
which  it  calls  atoms.  Indeed  it  regards  this  division  of  the 
molecules  as  the  very  essence  of  a  chemical  change. 

The  word  atom  is  derived  from  a,  privative,  and  rf/iw»  (I 
cut),  and  recalls  a  famous  controversy  in  regard  to  the  infinite 
divisibility  of  matter,  which  for  many  centuries  divided  the 
philosophers  of  the  world.  But  chemistry  does  not  deal  with 
this  metaphysical  question.  It  asserts  nothing  in  regard  to  the 
possible  divisibility  of  matter ;  but  its  modem  theories  claim 
that,  practically,  this  division  cannot  be  carried  beyond  a  certain 
extent,  and  that  we  then  reach  particles  which  cannot  be  fur- 
ther divided  by  any  chemical  process  now  known.  These  are 
the  chemical  atoms,  and  the  atom  is  simply  the  unit  of  the 
chemist,  just  as  the  molecule  is  the  unit  of  the  physicist,  or  the 
stars  the  units  of  the  astronomer.  The  molecule  is  a  group  of 
atoms,  and  is  a  unit  in  the  microcosm,  of  which  it  is  a  part,  in 
the  same  sense  that  the  solar  system  is  a  unit  in  the  great  stel- 
lar universe.  The  molecule  has  been  defined  as  the  smallest 
particle  of  any  substance  which  can  exist  by  itself,  and  the 
atom  may  be  now  defined  as  tlie  smallest  mass  of  an  element 
that  exists  in  any  molecule. 

When  a  molecule  breaks  up,  it  is  not  supposed  that  the  atoms 
fall  apart  like  grains  of  sand ;  but  simply  that  they  arrange 
themselves  in  new  groups,  -and  thus  give  rise  to  the  formation 
of  new  substances.  Indeed,  as  a  rule,  the  atoms  cannot  exist 
in  a  free  state,  and  with  few  exceptions  every  molecule  consists 
of  at  least  two  atoms.  This  is  thought  to  be  true,  even  of  the 
chemical  elements.    The  difiference  between  the  molecules  of 


25 


1  dnnenUry  substance  and  ihose  of  &  compound,  according 
B  tlieory,  is  merely  this,  tlwl  while  the  first  are  formed  by 
D  of  sloms  or  the  same  kind,  the  last  comprbe  atoms 
f  different  kinds.     The  molecules  of  oxygen  gas  are  atomic 
_regai(!«  as  well  as  iho^e  of  water,  only  the  moleciilea  of 
k«y^n  consisl  of  oxygen  stoma  alone,  while  the  moliiculea  of 
T  cooiain  both  oxygen  and  hydrtJgcn  atoms.    Such  at  least 
b  the  constitution  of  moat  elementary  substances.   NevertbeleBs, 
i  ca^  of  mercary,  zinc,  c&dmium,  and  some  olhcr  me- 
lt^, the  facts  comj>el  us  to  believe  that  the  molecule 
lilt  one  atom,  or,  in  other  nords,  that  in  these  CftsG9 
e  iDolocule  nod  the  atom  are  tbc  same. 
19.  Alomie  Wtit/hU.  —  There  must  be  evidently  as  many 
\i  of  atoms  as  there  are  elementary  substances ;  and,  ainco 
t  aubatances  alwaysi  unite  in  deGnito  proportions,  it  must 
>  tmc  that  the  elementary  atoms  have  deiHniie  weights. 
■  once  assumed,  the  law  of  multiple  proportions,  as  well 
X  of  definite  proporiiona,  becomes  an  essential  part  of  our 
5  theory ;  for,  since  the  atoms  are  by  definition  indivis- 
bo  dements  can  only  combine  atom  by  atom,  and  must 
«fore  unite  cither  in  the  proporiion  of  the  atomic  weights 
D  wme  simple  mnlliple*  of  this  proportion.     Wo  have  dis- 
I  mcuiis  of  measuring  even  approximately  tbe  ab- 
«  veight  of  an  atom  :  but,  aOcr  we  have  determined,  from 
Mentions  hereafter  to  be  discussed,  what  must  be  the  num- 
r  of  atoms  of  each  kirn]  in  one  molecule  of  any  substance, 
ally  calculate  ihelr  relittive  weight  from  the  results  of 
■Ij'siB.     A  few  examples  will  make  t)ie  method  plain. 
".  Tbe  analysis  of  water,  given  on  page  C,  proves  that  in 
)  parU  it   contains  11.112  parts  of  hydrogen  and  88.888 
t  of  oxygen.    Every  molecule  of  waier,  llien,  must  contain 
)  two  elements  in  just  these  proportions.    "Now  we  have 
I  rr^AMin  for   believing  that  each  molecule  of  water  la  a 
I  of  thrcF  atoms. —  two  of  hydrogen  and  one  of  oxygen. 
"     J  i  (II. 112)  ;  88.888=  1  :  IG,  it  follows  lliat  the 
im  must  wei<:h  It!  times  as  much  a«  tlie  hydrogen 
mind,  if  we  make  ibe  hydrogen  atom  the  unit  of  our  atom- 
t,  tl>cn  the  weight  of  ibe  oxygen  atom,  estimated  ia 
iU,  muflt  be  16. 
I.  The  nuilysis  of  hydrochloric  acid  goi  proves  lliu,l  il  vaa- 
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tains  in  100  parts  2.74  parts  of  hydrogen  and  97.20  of  chlorine. 
Moreover,  we  have  reason  to  believe  that  each  molecule  of  the 
acid  is  a  group  of  two  atoms,  —  one  of  hydrogen  and  one  of 
chlorine.  Hence  the  atom  of  chlorine  must  weigh  35.5  times  as 
much  as  that  of  hydrogen.     Its  atomic  weight  is  then  35.5. 

3.  The  analysis  of  common  salt,  page  6,  proves  that  it  con- 
tains in  100  parts  60.68  parts  of  chlorine  and  89.32  parts  of 
sodium,  and  wfe  believe  that  each  molecule  of  salt  is  a  group  of 
two  atoms,  one  of  chlorine  and  one  of  sodium.  Then,  since 
60.68  :  39.32  ==  35.5  :  23,  it  follows  that  the  atomic  weight 
of  sodium  is  23.  In  like  manner  the  atomic  weights  of  all  the 
chemical  elements  have  been  determined,  and  the  numbers  are 
given  in  Table  II.  These  numbers  are  the  fundamental  data 
of  chemical  science,  and  the  basis  of  almost  all  the  numerical 
calculations  which  the  chemist  has  to  make.  The  elements  of 
a  compound  body  are  always  united  either  in  the  proportions, 
by  weight,  expressed  by  these  numbers,  or  else  in  some  simple 
multiples  of  these  proportions ;  and  whenever,  by  the  breaking 
up  of  a  complex  compound,  or  by  the  mutual  action  of  different 
substances  on  each  other,  the  elements  rearrange  themselves, 
and  new  compounds  are  formed,  the  same  numerical  propor- 
tions are  always  preserved. 

The  atomic  weights  evidently  rest  on  two  distinct  kinds  of 
data  ;  JirsU  on  the  results  of  cliemical  analysis,  which  are  facts 
of  observation,  and  in  regard  to  which  the  only  question  can  be 
as  to  their  gre.iter  or  less  accuracy ;  secondly^  on  our  conclu- 
sions in  regard  to  the  number  of  atoms  in  each  molecule  of  the 
substance  analyzed.  This  conclusion  again  is  based  chiefly  on 
two  classes  of  facts,  whose  bearing  on  the  subject  we  must 
briefly  consider. 

1.  In  the  first  place  we  carefully  compare  togetner  all  the 
compounds  of  the  efement  we  are  studjnng,  with  the  view  of 
discovering  the  smallest  weight  of  it  which  enters  into  the  com- 
position of  any  known  molecule ;  for  this  must  evidently  be  the 
atomic  weight  of  the  element  An  example  will  make  the 
course  of  reasoning  intelligible. 

In  the  following  table  we  have  a  list  of  a  number  of  the 
most  important  compounds  containing  hydrogen,  all  of  which 
either  are  gases,  or  can  easily  be  changed  into  vapor  by  heat, 
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8o  that  their  specific  gravities  in  the  state  of  gas  can  be  readily 
determined.  From  these  specific  gravities  we  learn  the  wei^^hts 
of  the  molecules  (compare  §  17)  which  are  given  in  the  second 
column  of  the  table,  in  the  third  column  we  have  given  the 
weight  of  hydrogen  contained  in  the  molecules;  referred,  of 
course,  to  the  same  unit  as  the  weight  of  the  molecules 
themselves :  — 

Weight  of  Molecule 

referred  to  Weight  of  Hydrogen 

CoopoondB  of  nydrogeii.  Hydrogen  Atom.  in  the  Molecule. 

Hydrochloric  Acid  36.5  1 

Ilydrobromic  Acid  81.0  1 

Ilydriodic  Acid  128.0  1 

Hydrocyanic  Acid  27.0  1 

Hydrogen  Gas  2.0  2 

Water  18.0  2 

Sulphuretted  Hydrogen  34.0  2 

Seleniuretted  Hydrogen  81.5  2 

Formic  Acid  46.0  2 

Ammonia  1 7.0  3 

Phosphuretted  Hydrogen  84.0  8 

Arseniuretted  Hydrogen  78.0  3 

Acetic  Acid  60.0  4 

Olefiant  Gas  28.0  4 

Marsh  Gas  16.0  4 

Alcohol  46.0  6 

Ether  74.0  10 

Assuming  now,  as  has  been  assumed  in  this  table,  that  a 
molecule  of  hydrogen  gas  weighs  2,  it  appears  that  the 
smallest  mass  of  hydrogen  which  the  molecule  of  any  known 
Fubs^tance  contains,  weighs  just  one  half  as  much,  or  1.  We 
infer,  therefore,  that  this  mass  of  hydrogen  cannot  be  divided 
by  any  chemical  means,  or,  in  other  words,  that  it  is  the  hydro- 
gen atom.  The  molecule  of  hydrogen  gas  contains  then  two 
hydrogen  atoms,  and  this  atom  is  the  unit  to  which  we  refer  all 
molecular  and  atomic  weights. 

If  now,  in  like  manner,  we  bring  into  comparison  all  the 
volatile  compounds  of  oxygen,  we  shall  find  that  the  smallest 
mass  of  oxygen  which  exists  in  the  molecule  of  any  known 
substance  weighs  16,  —  the  atom  of  hydrogep  weighing  1, — 
and  hence  we  infer  that  this  mass  of  oxygen  is  the  oxygen  atom. 
Moreover  it  will  appear  that  a  molecule  of  oxygen  gas  weighs 
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32,  and  hence  it  ToIIowb  tint  each  molecule  of  oxjgen  gas,  lU) 
iLe  molecule  of  hydrogen,  is  formed  by  the  union  of  two  atui 
A  similar  comparison  would  show  ihal,  while  the  molecule  j 
nitrogen  gas  weighs  28,  the  atom  weighs  14,  so  that  here  a 
the  molecule  consists  of  two  atoms.    This  method  of  investig 
tiou  can  be  extended  to  a  lai^  number  of  the  chemical  e 
menl^  and  the  conclusions  lo  which  it  leads  are  evidently  1 
gilimaie,  and  cannot  be  set  aside,  until  it  can  be  shown  ll 
Bome  substance  exists  whose  molecule  contains  a  smaller  I 
of  any  element  than  that  hitherto  assumed  as  llie  atomic  weig 
or,  in  other  words,  until  t)ie  old  atom  has  been  divided. 

2.  The  second  class  of  facts  on  which  we  rely  for  detern 
ing  the  number  of  atoms  iu  a  given  molecule  ia  based  o 
Bpecilic  iieat  of  the  elements  (comiiare  S  1 6),     It  would  appt 
that  the  epeciRc  heat  is  the  same  for  all  atoms,  and,  if  Ih^  | 
true,  we  might  expect  that  equal  amounts  of  hcnt  would  r 
to  the  same  extent  the  temperatures  of  such  quantiliea  of  i 
Tsrious  elementary  substances  as  contain  the  same  number  al 
atoms,  provided,'  of  course,  that  these  atomic  aggregates  i 
compared  under  the  same  conditions.     Now  we  cat 
accurately  the  number  of  units  of  heat  required  t 
temperature  of  equal  weights  of  ibe  elementary  substaneee  q 
degree,  and  the  results,  which  we  call  the  specific  heal  of  J 
elemenla,  are  given  in  works  on  phy&ics.     Chera.  Phys.  (23fl 
Evidently,  if  our  principle  is  (me,  these  values  must  be  p 
portional  in  every  case  to  the  number  of  atoms  of  each  oleoi 
contaiued  in  the  equal  weights  compared.     Representing  tl 
by  •$  and  S'  ihe  specific  beat  of  (wo  elementary  Gubstancea,a 
fn  and  m'  the  weights  of  the  corresponding  atoma,  and  by  tl 
the  equal  weights  compai'ed,  we  ehall  have,  in  any  c 
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that  is.  Thf  prodacl  of  the  atomic  weight  of  an  dcmfiHary  m 
itanre  In/  i/t  ipeclfc  heat  is  alwat/t  a  camlant  quantity. 

Taking  now  the  atomic  weights  obtained  by  the  metliod  d 
given,  and  the  specific  he-ats  of  the  elements  tut  they  have  b 
determined  by  experimenting  on  those  substances  ii 
et»te,  we  Cmd  that,  with  only  three  Gsce[ititius,  our  infer 


tnd  tills  principle  not  only  frcquenlly  enables  ua  lo  Rx 
c  wciglit  of  un  element,  wben  the  first  method  ftuls, 
t  aifo  *en-e9  to  corroborate  the  general  accuracy  of  our 
It  ill  trne,  owing  undoiibiedly  lo  many  causes  wliieh 
taix  the  ihenual  conditioud  of  a^oliil  body,  tliat  ibb  prod- 
t  not  Db^olulely  constant  It  rariea  between  5.7  and  6.9, 
'■t  probable  value  being  very  nearly  6.34.  But  the 
I  is  Dot  important,  so  far  as  the  determination  of  the 
c  wclglili^  is  concerned.  This  dctermi nation,  a^  we  have 
rwta  diieHy  on  Uie  resnlia  of  analysis.  The  question  al- 
s  u  only  Iwlween  two  or  three  pos^hle  hypotheses,  and  as 
pccn  these  the  specific  heat  will  decide.  For  example,  an 
alvsii  of  chloride  of  silver  proves  that  each  molecule  contains 
:  atom,  or  35.5  parts  of  chlorine,  108  parts  of  silver. 
08  pari*  of  silver  may  represent  one,  two,  three,  or  four 
or  it  roiiy  be  that  this  quantity  only  represents  a  fraction 
torn.  To  determine,  we  divide  6.34  by  0.057,  the  specific 
'  wlvcr.  The  result  b  lU,  which,  though  not  the  exact 
e  Vttight,  i$  near  enough  to  show  (bat  108  is  the  weight 
«  alum,  and  noL  of  two  or  three.  The  csceplioQS  to  tbis 
e  referred  to  above  are  carbon,  boron,  and  silicon.  But  the 
■  iieac  of  llie^e  elements  varies  so  very  greatly  with 
fcrcnees  of  physieal  condition  —  the  EO-called  allotropic 
difirations  —  which  these  elements  prcseni,  —  Chem.  Phya. 
U), —  lliut  the  exceptions  are  not  regarded  as  iiivalidat- 
e  gcnerul  principle.  The  law  simply  fails  in  these  cases, 
e  am  see  why  it  fail?. 

it  important  law,  whose  bearing  on  our  su)>ject  we  have 

(fly  considered,  was  firet  discovered  by  Diilong  and  P*'[il,  and 

KwiU'fiilly  verified  hy  the  very  careful  eKperimenis  of 

It.     Move  recently  it  has  been  found,  by  Voestyn  and 

hat  ii8  application  extends,  in  some  cases  at  least,  lo 

1  compounds ;  for  it  would  seem  that  itie  atoms  ret^n, 

a  when  in  combination,  ibeir  peculiar  relations  to  lieal,  so 

It  the  product  of  the  specific  heat  of  n  substance  by  its  molec- 

reighl  is  equal,  to  .is  many  limes  6.3  as  there  are  atoms  io 

«  moleculo.   Thus  the  specific  heal  of  common  salt,  multiplied 

a  molrcular  weight,  gives  0.214  X  58.5  =  12,52.  which  is 

nearly  equal  to  6.3  X  2 ;  while  in  the  ca?o  of  corrosive 

bUinmle  {liu  corresr-on'Iing  produ.'t,  0.063  X  27J  =  '^-^O.  « 
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nearly  equal  to  6.3  X  3,  —  results  which  are  in  accordance 
with  our  views  in  regard  to  the  number  of  atoms  in  the  mole- 
cules of  these  substances. 

We  have  here,  then,  an  obvious  method  by  which  we  might 
determine  the  number  of  atoms  in  the  mokc:ile  of  any  solid, 
and  which  would  be  of  the  very  greatest  value  in  investigating 
the  atomic  weights,  could  we  rely  on  the  general  application 
of  our  law.  AVe  do  not  expect  mathematical  exactness.  We 
know  very  well  that  the  specific  heat  of  solid  bodies  varies 
very  greatly  with  the  temperature,  as  well  as  from  other  phys- 
ical causes,  and  that  it  is  impossible  to  compare  them  under 
precisely  the  same  conditions,  as  would  be  required  in  order  to 
secure  accuracy,  liut,  unfortunately,  the  discrepancies  are  so 
great,  and  we  are  so  ignorant  of  their  cause,  tli|it  as  yet  we 
have  not  been  able  to  place  much  reliance  on  the  specific  heat 
as  a  means  of  determining  the  number  of  atoms  in  the  mole- 
cules of  a  compound. 

3.  Lastly,  assuming  that  both  of  the  means  we  have  consid- 
ered fail  to  give  satisfactory  evidence  in  regard  to  the  number 
of  atoms  in  the  molecule  of  a  given  substance  (which  we  may 
have  analyzed  for  the  purpose  of  determining  some  atomic 
weight),  we  may  frequently,  nevertheless,  reach  a  satisfactory, 
or  at  least  a  probable  conclusion,  by  coni[)aring  the  substance 
we  are  investigating  with  some  closely  allied  substance  whose 
constitution  is  known.  Thus,  if  the  molecule  of  sodic  chlo- 
ride (common  salt)  contains  two  atoms,  it  is  probable  tliat 
the  molecules  of  sodic  iodide,  as  well  as  those  of  potassic 
chloride  and  potassic  iodide,  contain  the  same  number;  for 
all  those  compounds  not  only  have  the  same  crystalline  form 
and  the  same  chemical  relations,  but  also  tliey  are  composed 
of  closely  allied  chemical  elements.  Nevertheless  it  is  true,  in 
very  many  cases,  that  our  conclusion  in  regard  to  the  number 
of  atoms  which  a  molecule  may  contain  is  more  or  less  hypo- 
thetical, and  hence  liable  to  error  and  subject  to  change.  This 
uncertainty,  moreover,  must  extend  to  tlie  atomic  weights  of 
the  elements,  so  far  as  they  rest  on  such  hypothetical  oonclu- 
sions. 

If  we  change  the  hypothesis  in  any  case,  we  shall  obtain  a 
different   atomic  weight;    but  then  the   new  weight  will  be 
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me  eEniple  tnultipie  of  llie  ulJ,  and  will  not  alter  the  impor- 
Dt  relittions  la  whitrh  y/e  Srst  referred.  These  t'lmdamental 
Ittinnt  lire  indepcnilent  of  all  b7|K)thesi»,  and  rcsi  on  well- 
bAUsbed  laws. 

Tbti  atiiiujc  weigliLs  arq  lite  niiinerical  conatanU  of  clicin- 
trj,  niui  in  di-li-rminitig  iheir  I'nliie  it  is  nece!«sary  to  take 
«  i:8ni  nhich  iheir  imiwrtaiice  demands.  The  essential  fiart 
'  llie  Inve^cigaliuri  is  ilic  acriirale.  analysis  of  some  compouud 
'  ilie  elrroi-nt  whose  atomic  weight  is  sought.  The  uom|)ound 
fenrd  fdr  ihfi  ]iiir|i08c  must  fullil  several  euiiditions.    It  must 

I  one  which  mn  be  prt-pared  in  a  condition  of  nbsolule  puriLj. 
nUBt  hu  ori<!  tbu  proportioiis  of  nboae  con:^li[uenls  can  ha 

Willi  the  grtatesl  aceorufiy  by  the  known  methods 
mnalytieiil  I'hemJEfry.  It  must  coiuuin  a  seiMud  element 
Mft  atiMnii;  wyrlght  la  widl  exlBbli>hed.  Firially,  it  ehoutd  be 
ODOipannd  n-hn<o  molecular  eondiiion  is  known,  and  it  is  best 
M  ibis  should  be  Ai  eimplc  as  possible.  When  ihxy  are  once 
iHs  accurately  determined,  tlie  alomie  wGights  become  essen- 

II  data  in  all  quaiililalive  analytical  investigations. 

Questions  and  Piohlcim. 
1.  Does  the  integrity  of  a  substance  reside  in  ita  molecules  or  in 

IMMU? 

%  Wo  llnd  by  analyiig  that  in  100  parts  of  pota»4Jc  chloride 
m*  an  tiiAi  paH«  of  potassium  and  4  7.58  parts  of  chlorine. 
hnavfr,  we  know  from  previous  expetimenls  that  the  ■tomic 
M(  of  chlorine  is  35.5,  and  we  have  — ■ —  '"  "-i:—"  ''- 


of  ihe  compouii<l  consists  of  two  a 

1  AM  of  ehlorine.     What  is  the  atomic 


_  that  every 

IS,  one  of  potnasiiiin 
eight  of  poiBHiium  ? 
Alls.  SD.1. 

a.  W«  find  by  analyns  that  in  1 00  parts  of  plioepboriu  anhydride 
we  an  49.G(i  part*  of  phofpUorus  nod  bfi.M  parti  of  oxygen. 
Icnonr,  wo  know  that  the  atomic  wei|:ht  of  oxygen  is  IG;  and  wo 
m  raMOn  to  believe  that  every  molecule  of  the  compound  consist* 
'  wveo  tAorm,  2  of  pliosphorus  and  5  of  oxygen.  What  is  the 
tnuK  weight  of  phoephorus ?  Ans.  SI. 

<.  Id  Table  III.  the  student  wilt  find  the  molecular  weights  uf  the 
oxygen  compounds  j  and   we  grire  below,  fulWing  the 
ibe  weight  of  oxygen  (estimated  like  the  molecular  weight 
!)  which  each  contains.     From  these  daU  it  ia 
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required  to  determine  the  atomic  weight  of  oxjgen.  Oxygen  Gas, 
32 ;  Water,  16 ;  SulpharouB  Anhydride,  82,  Sulphuric  Anhydride, 
48 ;  Phosphoric  Oxychloride,  16 ;  Carbonic  Oxide,  16 ;  Carbonic 
Anhydride,  32  ;  Osmic  Anhydride,  64 ;  Nitrous  Oxide,  16  ;  Nitric 
Oxide,  16  ;  and  Nitric  Peroxide,  32.  Ans.  16. 

5.  We  give  below  the  weight  of  chlorine  in  one  molecule  of 
several  of  its  most  characteristic  volatile  compounds.  It  is  required 
to  deduce  the  atomic  weight  of  chlorine  on  the  principle  of  the  last 
problem.  Chlorine  gas,  71;  Phosphorous  Chloride,  106.5;  Phos- 
phoric Oxychloride,  106.5;  Arsenious  Chloride,  106.5;  Phosgene 
Gas,  71 ;  Sunnic  Chloride,  142 ;  Stanno-triethylic  Chloride,  35.5 ; 
and  Hydrochloric  Acid,  35.5.  Ans.  35.5. 

6.  Review  the  steps  of  the  reasoning  by  which  the  atomic  weights 
have  been  deduced  in  the  last  two  problems,  and  show  that  the 
*'  molecular  weight "  and  "  the  weight  of  Uie  element  in  one  molecule  * 
are  actual  and  independent  experimental  data. 

7.  Analysis  shows  that  in  100  parts  of  mercuric  chloride  there  axe 
73.80  parts  of  mercury  and  26.20  parts  of  chlorine.  The  specific 
heat  of  mercury  is  0.032.  What  is  the  probable  atomic  weight  of 
mercury,  that  of  chlorine  being  35.5  ?  Also,  how  many  atoms  of 
each  element  does  one  molecule  of  the  compound  contain  ? 

Ans.  Atomic  weight  of  mercury,  200.      Each  molecule  consiflti 
of  one  atom  of  mercury  and  two  of  chlorine. 

8.  Analysis  shows  that  in  100  parts  of  ferric  oxide  there  are  70 
parts  of  iron  and  80  parts  of  oxygen.  The  specific  heat  of  iron  is 
0.114.  What  is  the  probable  atomic  weight  of  iron,  that  of  oxygen 
being  16?  and  also,  how  many  atoms  of  each  element  does  one 
molecule  of  the  oxide  contain  ? 

Ans.  Atomic  weight  of  iron,  56.     One  molecule  of  ferric  oxide 
contains  2  atoms  of  iron  and  3  of  oxygen. 

9.  The  molecular  weight  of  silicic  chloride  is  1 70,  and  its  specific 
heat,  0.1907.  IIow  many  atoms  does  one  molecule  of  the  compound 
probably  contain  ?  Ans.  5. 

10.  The  molecular  weight  of  mercuric  iodide  is  454,  and  its 
specific  heat,  0.042.  How  many  atoms  does  one  molecule  of  the 
compound  probably  contain  ?  Ans.  3. 


CHAPTER  V. 
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20.  Chemical  Sffmbolii. — The  atomic  theory  baa  found  ex- 
Cfstuu  in  cht^niiilrj  in  n  remarkable  system  of  nolation,  which 
«  been  of  the  greatest  value  in  the  study  of  the  Buience.  In 
this  system,  the  initial  letter  of  the  Latin  name  of  an  element 
li  navd  an  the  symbol  of  that  element,  aod  repreaenls  in  eveiy 
*  atom.  Thoa  0  stands  for  one  atom  of  Oxygen,  ^{qt 
t  atom  of  Nitrogen,  S  for  one  atom  of  Hydrogen.  When 
tl  luimca  hare  the  same  initial,  ne  add  for  the  snlce  of  dis- 
itioa  a  second  letter.  Thus  C  stands  for  one  atom  of  Car- 
I,  CI  for  one  atom  of  Chloritie,  Ca  for  one  atom  of  Calcium, 
or  one  atom  of  Cuprum  (eopper),  Cr  for  one  atom  of 
tniuin,  Co  for  one  atom  of  Cobalt,  Cd  for  one  atom  of 
:,  0(  for  one  atom  of  CiEsiiim,  and  Ce  for  one  atom 
n.  The  symbols  of  all  the  elements  are  given  in 
B  IL  Several  atoms  of  lUe  same  element  are  generally 
i  by  adding  figures,  but  distinguishing  them  from  alge- 
e  exponents  by  placing  tbem  below  the  letters.  Thus  Sn^ 
fw  two  atoms  of  Stannum  (tin),  .5^  for  three  atoms 
iliur,  and  I^  for  five  atoms  of  Iodine.  Sometimes,  how- 
ir.  in  oHer  to  indicate  cetwin  relations,  we  repeat  the  symbol 
il  or  without  a  dasb  between  tlicm,  tliu^i  MJI  represents  a 
>  of  twi>  atoms  of  Hydrogen,  Se'Se  a  group  of  two  atoms 
wium.  We  cnn  now  easily  express  the  constitution  of 
ilecole  of  any  substance  by  simply  grouping  together  the 
Mb  of  the  atoms  of  which  the  molecule  consists.  This 
I  gencndiy  atlled  the  symbol  of  the  substance,  and 
a  ID  every  (ase  for  one  molecule.  Thus  JToCZia  the  sym- 
f  oonunon  nolu  and  represents  one  molecule  of  salt.  .11,0 
e  *yiiiUd  of  water,  and  represents,  as  before,  one  ffioleculc. 
I  like  manner  ^if  stands  for  one  molecule  of  ammonia 
ifc<?  for  uiit  niol.:i'iilo  of  marsh  gas,  A'.VOj  for  one  moie- 
f'lii'  one  molijonlo  of  fiuli'hiiric  acid. 
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CtSfOi    for    one    molecule    of   acelic    aciJ,    ff-ff  for    i 
molecule   of   kydrogen   gaa.     Wo  ilo  Dot,   however,   alfff 
write  the  symbols  in  a.  linear  form,  but  group  the  letlen  in  si 
a  way  as  will  best  indieale  the  relations  we  are  stud^ 
Wlien  several  molecules  of  the  same  substance  take  part  U 
ehemical  change,  we  represent  the  fact  by  writing  a  numet 
coefficient  before  the  molecular  symbol.     A  figure  eo  [ilu 
always  multiplies  the  whole  symbol.     Thas  iJ/NOt 
for  four  molecules  of  nitric  acid,  SC^fO  for  three  molec 
of  alcohol,  dO^O  for  six  molecules  of  osygeti  gas. 
clearness  requires  il,  we  enclose  the  symbol  of  the  molecul* 
parentheses,  thus,  4{//,uV),  or  {ffi^I^,-     The  preciBe  t 
ing  of  the  dashes  will  hereafter  appear.     They  are  used, 
punctuation  marks,  to  point  off  (he  parts  of  a  molecular  b 
bol,  between  which  we  wish  to  distinguish. 

21.  Chemical  Rf  actions. — These  chemical  symbols  pn 
once  a  simple  means  of  representing  all  chemical  changes.    ■ 
{iic&e  changes  almost  invariably  result  from  the  reaction  of  ^ 
substance  on  another,  they  are  called  CM  em  iVa/  Reaelitftu. 
reactions  must  necessarily  take  place  between  molecules,  I 
simply  consist  in  the  breaking  up  of  the  molecules  and  the  p' 
rangement  of  the  atoms  in  new  groups.    In  every  chemia 
action  wo  must  distinguish  between  the  subslances  whiob  1 
involved  in  the  change  and  those  which  are  produced  I 
The  Srst  wilt  be  termed  the  factors  and  the  last  the  prodaet 
the  reaction.     Aa  matter  is  indestructible,  it  follows  that  ] 
itun  of  the  wtighli  of  the  products  of  any  reaction  mutt  a 
be  e<pml  to  ike  sum  of  the  wig/Us  of  the  fuclora,  and,  fttrll 
that  The  number  of  atoms  of  each  eUmtnt  in  the  produclt  n 
be  the  same  at  the  number  of  atoms  of  the  same  kind  in  \ 
factors.     This  statement  seems  at  first  sight  to  he  contn 
by  experience,  since  wood  and  many  other  combusttbles  I 
consumed  by  burning.    In  all  such  cases,  however,  the  a|^ 
annihilation  of  the  substance  itrises  from  the  fact  Ih&t  the  p 
uctd  of  ilie  change  are  invisible  gases;  and,  when  these  ara4 
lected,  their  weight  is  found  lu  lie  equal,  not  only  to  that  ofa 
substance,  but  also,  in  addition,  to  thi!  weight  of  the  oxygen  fi 
the  air  consumed  in  the  process.     As  the  products  and  fao 
of  every  chemical  change  most  be  equal,  it  follows  lb) 
f4fmie<il  reaction  may  alieays  be  represented  in  an  4 
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f  writing  the  tytnlxiU  of  the  fnctom  in  the  Jirtt  mem&er  and 
Imt  i>f  lh»  pToducls  in  the  iccond.  Thus,  the  following  ei|UH- 
00  expre»ca  ihe  reactioo  of  dilute  sulphuriu  ftciil  on  ^iuc,  by 
'Udi  hydrogen  gas  w  comiuonly  pfepared.  The  products  are 
(Olnliou  of  xiuc  sulphate  and  hydrogen  gu^. 

%n-\'{U,SO^-\-Aq)^{ZnS0,-\-Aq)-\-m'm.    [12] 

The  fnitinl  letters  oF  Ihc  Latin  word  Aqua  are  bera  used 
mply  lu  indicate  that  Llie  subsUinces  enclosed  witli  it  in  pa- 
idUicms  are  in  Mlulion.  The  tiynibol  Zll  is  printed  in  "  full- 
iccd"  type  lo  iniiicalR  that  tlie  meial  is  used  in  the  renc- 

00  in  iu  well-knowu  solid  condition;  while  ibe  symbol  of 
re  iDolecnlo  of  hydrogeu  i^  printed  in  skeleton  type  lo  iudi- 
Itc  tlie  condition  of  gas.  This  usage  will  be  foNoned  through- 
It  tbe  book ;  but,  geuernlly,  wheu  it  is  not  important  to  indteule 
W  eooditiun  of  the  raateriids  invoWed  in  the  reaction,  ordinary 
■pe  will  be  used.  The  molecule  of  hydrogen  gas  consists  of 
ta  Umds,  as  our  reaction  indicntee,  and  ihia  is  the  smallest 
UBti^  of  kytlrogcii  which  can  either  enter  into  or  be  formed 
f  B  chemicnl  change.  The  molecule  of  zinc  is  known  to 
KMiSt  of  only  one  atom.  When  the  molecular  constilution 
'an  element  is  not  known,  we  simply  write  the  atomic  symbol 

1  thB  reaction. 

Among  chemical  reactions  we  may  dialinguish  at  least  three 
■ues.  First,  Analytical  Reactions,  in  which  a  complex  molc- 
ifeli  briikcD  up  into  simpler  ones.  Thus,  when  sodic  bisul- 
^Hc  u  bleated,  it  breaks  up  into  sodic  sulphate  and  sulphuric 


]!fa.,S^O,  =  Na,SO,  +  SO,. 


[13] 


I  alto,  by  fermentation  grape  sugar  or  glucose  breaks  up  iuto 
Dhol  imJ  carbonic  anhydiidc, — 


(7,/40,  =  2C,//oO  +  2C0.^ 


CH] 


dly,    Synthetical    Reactions,   in   which   two    molecules 
to  (orm  a  more  complex   group.     Thus   baryta  bums 
,!■  an  atmnsptiere   of  sulphut^c  anhydride,  and  fonns  baric 


BaO  -ir  S0^  =  IhSOi. 


tin 
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In  like  manner  ammonia  enters  into  direct  union  with  hydro- 
chloric acid  to  form  ammonic  chloride,  — 

ff^-^  HCl  =  HJ!^Cl  [16] 

Thirdly,  Metathetical  Reactions,  in  which  the  atoms  of  one 
molecule  change  place  with  the  dissimilar  atoms  of  another, 
one  atom  of  one  molecule  replacing  one,  two,  three,  or  more 
atoms  of  the  other,  as  the  case  may  be.  Thus,  when  we  add  a 
solution  of  common  salt  to  a  solution  of  argentic  nitrate,  we  ob- 
tain a  white  precipitate  ^  of  argentic  chloride,  while  sodic  nitrate 
remains  in  solution.  The  result  is  obtained  by  a  simple  in« 
terchange  between  an  atom  of  silver  and  an  atom  of  sodium, 
as  the  following  reaction  shows :  — 

{Naa-\-AgNO^  +  Aq)  =  {NaNO^'\-Aq)'\-hS^\.    [17] 

In  the  next  example,  one  atom  of  barium  changes  place  with 
two  atoms  of  hydrogen.  Baric  chloride  and  sulphuric  acid 
yield  hydrochloric  acid  and  insoluble  baric  sulphate,  which  is 
precipitated  from  the  solution  in  water  as  the  reaction  in- 
dicates, — 

(5aa,  +  -fl;,504  +  J(7)  =  (2^a  +  J9)+BaSO4.   [18] 

Of  the  three  classes  of  chemical  reactions  the  last  is  by  far 
the  most  common,  and  many  chemical  changes  which  were  for- 
merly supposed  to  be  examples  of  simple  analysis  or  synthesis 
are  now  known  to  be  the  results  of  metathesis.  In  very  many 
cases,  however,  a  chemical  reaction  cannot  be  explained  in 
either  of  these  ways  alone,  but  seems  to  consist  in  a  primary 
union  of  two  or  more  molecules  and  a  subsequent  splitting  up 
of  this  large  group.  Indeed,  this  is  the  best  way  of  conceiving 
of  all  metathetical  reactions,  for  we  do  not  suppose  that  in  any 
case  there  is  an  actual  transfer  of  atoms  from  one  molecule  to 
the  other.  The  word  metathesis  is  merely  used  to  indicate  the 
•result  of  the  process,  not  the  manner  in  which  the  change  takes 
place,  and  the  same  is  true  of  the  words  analysis  and  synthesis. 

1  The  separation  of  a  solid  or  sometimes  of  a  liquid  sabstance  in  a  6iiid 
menstrunm,  as  the  result  of  a  chemical  reaction,  is  called  precipitatioii,  uA 
the  mjitcrial  which  Keparate?*.  a  precipitate;  and  this,  too,  even  when  the 
teriuJj  being  lighter  than  the  fluid,  rises  instead  of  falls. 
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eominnn  tnetliod  of  prepnring  carboDic  anLydricIe  is  to 
a  Bolation  of  hydrochloric  acid  on  small  lump»  of  marble 
aide  carbouaie), — 

CaCO,  4-  (2/rC7  +  Aq)  ==  (CaCOt  ff,a,  +     [19] 
Jv)  ^  (  Ca a,  -\- I{,0 -\- Ag) -i-  S^, 

fe  aaj  suppose  that  the  molecules  of  the  two  substances  are, 
I  the  firet  jiIhi^.  drawn  logcilier  by  the  force  which  raauifesis 
nir  in  the  phcnoniena  of  adhesion,'  bat  that,  as  they  appi'oaeb, 
nnmal  nttraclion  between  their  respective  atoms  comes  into 
taj,  wliich,  the  iDomeot  llie  molecules  come  into  collision, 
kBses  the  atoms  to  arrange  themselves  in  new  groups.  The 
Tooft  which  then  result  are  determined  by  many  causes 
June  action  can  seldom  be  fully  traced ;  but  there  are  two 
Ulditlons  which,  wAen  the  »u&stancet  are  in  tolution,  hnve  a 
Itj  Important  influence  on  the  result.  These  conditions  may 
B  thas  stated :  — 
1.  Whenever  a  compound  can  he  formed,  which  is  insoluble 
I  (lie  meiutruum  present,  this  compound  always  separates  as 
precipitate. 

S.  Wlienevar  a  gas  can  be  formed,  or  any  substance  which 
t  Tolalile  al  the  temperature  ut  which  the  experiment  is  made-, 
lis  Tolatile  prodnct  is  set  free. 

Tha  renitions  17  and  18  of  this  section  are  examples  of 

W  BiW,  while  the  reactions  ']2  and  19  are  examples  of  the 

Nxmd  oT  llieie  conililions.      The  facts  just  stated  illustrate 

I  Imporliint  trulli,  which  must  be  carefully  borne  in  mind  in 

le  study  of  chemistry.     A  chemical  equation  differs  essen- 

from    an   algebraic  expression.      Any  inference  which 

bv  legitimately  drawn  from  an  algebraic  equation  must,  in 

B  wnse,  be  true.    It  is  not  so,  however,  with  chemical  sym- 

.     ITrese  are  simply  espresisions  of  observed  facts,  and. 

Wgb  important  inferences  may  sometimes  be  drawn  from 

men  form  of  the  expression,  yet  they  are  of  no  value 

[crcT  nnless  eonfirmed  by  experiment    Moreover,  the  thets 

1  Wa  tpi  il  c<innnlcnt  to  dlttiagDuh  between  the  fiirce  whiuli  Iia1<[>  In- 
bar  diflbr*!)!  molfualMi  luiil  tint  vWch  onito  Ibe  ninnu  of  thr  molK-'ulat. 
tlw  hat  ««  tiiTe  tba  nime  ot  chemicnl  KffinltT.  wliDe  ws  catl  lh»  Unit  co- 
■M  or  aUhniiin,  uconlinii  hi  ll  ii  eienul  buLweou  niuleculi't  ut  tint  tinii 

d  w  tlMNO  nl  •  liiSawat  Uuit. 
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which  are  expressed  in  this  peculiar  system  of  notation  are 
as  purely  materials  for  the  memory  as  if  they  were  described 
in  common  language. 

22.  Compound  Radicals.  —  In  many  chemical  reactions  the 
elementary  atoms  change  places,  not  with  other  elementary 
atoms,  but  with  groups  of  atoms,  which  appear  to  sustain  rela- 
tions to  the  compounds  they  leave  or  enter  similar  to  those  of 
the  elements  themselves.  Thus,  if  we  add  to  a  solution  of  ar- 
gentic nitrate  a  solution  of  ammonic  cliloride,  we  get  the  reac- 
tion expressed  by  the  equation 

AgNO.,  +  NH^- CI  =  NH^NO^  -^  AgCL  [20] 

Here  the  group  NH^  has  tid^en  the  place  of  Ag.  So,  also, 
in  the  reaction  of  hydrochloric  acid  on  common  alcohol,  the 
group  C^H^  in  the  molecule  of  alcohol  changes  places  with  the 
atom  of  hydrogen  in  tlie  molecule  of  hydrochloric  acid, — 

C,Hr-0-H-\-  HCl  =  n-O-H-^-  CJL-CL  [21] 

Alcohol.  EthyUc  Chloride. 

"We  write  the  symbols  in  this  peculiar  way  in  order  to  make 
it  evident  to  the  eye  that  such  a  substitution  has  taken  place. 
Lastly,  in  the  reaction  of  chloroform  on  ammonia,  the  group 
CZTof  the  first  changes  places  with  the  three  atoms  of  hydro- 
gen of  ammonia  gas, — 

cm  ch  +  iT^  =  3irc?  4-  ch-k  [22] 

Chloroform.  Hydrocyanio  Acid. 

Such  groups  as  these  are  called  compound  radicals.  Like 
the  atoms  themselves,  they  cannot,  as  a  rule,  exist  in  a  free 
state ;  but  aggregates  of  these  radicals  may  exist,  which  sus- 
tain the  isame  relation  to  the  radicals  that  elementary  substances 
hold  to  the  atoms.  Thus,  as  we  have  a  gas  chlorine  consisting 
of  molecules,  represented  by  Cl-CU  so  there  is  a  gas  cyanogen 
consisting  of  molecules,  represented  by  CN-CN ,  where  CN\% 
a  compound  radical  called  cyanogen.  Again,  the  important 
radicals  CO,  SO.>i  and  PCI^,  are  also  the  molecules  of  well- 
known  gases.  These  radical  substances  correspond  to  the  ele- 
mentary substances  previously  mentioned,  in  which  the  mole- 
cule is  a  single  atom. 

But  with,  few  exceptions  the  radical  substances  have  never 
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been  isolated,  and  the  radicals  are  only  known  as  groups  of 
atoms  which  pass  and  repass  in  a  number  of  chemical  reac- 
tions. Indeed,  in  the  same  compound  we  may  frequently 
assume  several  radicals.  The  possible  radicals  of  a  chemi- 
cal symbol  correspond  in  fact  almost  precisely  to  the  possi- 
ble factors  of  an  algebraic  formula,  and  in  writing  the  sym- 
bol we  take  out  the  one  or  the  other,  as  the  chemical  change 
we  are  studying  requires.  A  number  of  these  radicals  have 
received  names,  and  among  those  recognized  in  mineral  com- 
pounds a  few  of  the  most  important  are 

Hydroxyl  HO  Sulpburyl  50, 

Hjdroeulphuryl    IIS  Carbonyl  CO 

Ammonium  H^N  Phosphoryl  PO 

Amidogen  i/,iV  Nitrosyl  NO 

Cyanogen  CN  Nitryl  NO^. 

The  radicals  recognized  in   organic   compounds   are  very 
numerous,  and  will  be  tabulated  hereafter. 


Questions  and  Problems. 

1.  For  what  do  the  following  symbols  stand  ? 

JVT;     Co,;     H-H',    H,C',    4BN0,;     (CJI.O,)^ 

2.  For  what  do  the  following  symbols  stand  ? 

CI;     53;     0-0;    H^;    H,SO,;    SC.H.O. 

8.  For  what  do  the  following  symbols  stand  ? 

O;     n,;     Se-Se;     Naa;     Rfi;     ZKNO^ 

4.  Analyze  the  following  reaction.  Show  that  the  same  number 
of  atoms  are  represented  on  each  side  of  the  equation,  and  state  the 
class  to  which  it  belongs. 

Fe  +  {:IHCI  4-  Aq)  =  {Fe  CI,  +  Aq)  +  ia-3I. 

Hydrochlorie  Acid  Ferrouf  Chloride. 

5.  Analyze  the  following  reaction.  Show  in  what  the  equality 
consists,  and  state  the  class  to  which  the  reaction  belongs. 

K,H,0^  =  2H^0  +  K,0. 

Ammonic  Nitrate.      Water.      Nitrous  Oxide. 

6.  Analyze  the  following  reaction.  Show  in  what  the  equality 
consistB,  and  state  the  class  to  which  the  reaction  belongs. 

C+  0-0    =     CO^ 

Ckrboa,     Oxjgtn,    Carbonic  Anhyditdt. 
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7.  Analyze  the  following  reaction.  Show  in  what  the  eqnalitj 
consists,  and  state  the  class  to  which  the  reaction  belongs. 

2H'0-H+  Na-Na  =  2Na'0'H+  HH. 

Water.  Sodium.  Bodie  Hjdnto. 

8.  The  following  reaction  may  be  so  written  as  to  indicate  that 
the  products  are  formed  by  a  metathesis  between  two  similar  mole- 
cules.   It  is  re(][uired  to  show  that  this  is  possible. 

Ammonia  gu.  Hydrogen  gas.         Nitrogen  gas. 

9.  Write  the  reactions  [1 7]  and  [18]  so  as  to  indicate  the  manner 
in  which  the  metathesis  is  supposed  to  take  place. 

10.  State  the  conditions  which  determine  the  metathesis  in  the 
various  reactions  given  in  this  chapter  so  far  as  these  conditions  are 
indicated. 

11.  Write  the  reactions  [21]  and  [22]  so  as  to  indicate  the  manner 
in  which  the  metathesis  is  supposed  to  take  place. 

12.  Analyze  the  following  reaction.  Show  what  determines  the 
metathesis  and  abo  what  is  meant  by  a  compound  radical. 

(Pb-{NO,),  +  2mi,-Cl+Aq)=: 

Plnmblc  Nitrate.  Ammonic  Chloride. 


Dl,  +  {2NH,-N0,  +  Aq) 

Plumbic  Chloride.  Ammonic  Nitrate. 

13.  Compare  with  [22]  the  following  reaction  and  point  oat  the 
two  radicals,  which,  as  we  may  assume,  hydrocyanic  acid  contains. 

{Ag-NO,  +  II-CN+  An)  =  A|rC^  +  {H-NO,-lrM) 

Aingeutic  Nitrate.  Hydrocyanic  Acid.  Argentic  Cyanide.  Nitrie  Acid. 

14.  When  sulphuric  anhydride  (50,)  is  added  to  water  (//jO)  a 
violent  action  ensues  and  sulphuric  acid  is  formed.  The  reaction 
may  be  written  in  two  ways,  and  it  is  required  to  explain  the  difierent 
views  of  the  process,  which  the  following  equations  express. 

or  2H-0-H  +  SOrO  =  R/0./SO^  +  //,=a 

15.  State  the  distinction  between  a  chemical  element  and  an 
elementary  substance.  Give  also  the  distinction  between  a  com- 
pound radical  and  a  radical  substance. 

16.  Give  the  names  of  the  following  radicals. 

HO;  ffS;  NH,;  NH^;  SO,;  CO;  PO;  NO^ 


CHAPTER   VI. 


98.  Slocliiomeliy. — The  chemical    symbols   enable  as  not 

nljr  lo  rvprescDt  i:iicmU-al  changes,  but  aUo  lo  calculate  fx- 

atuounts  uf  the  suli^taaces  required  in  any  given  pn>- 

m  IS  mil  as  the  amounts  of  the  products  which  it  will  jieliL 

idi  eymbol  «liindj  for  a  definite  weight  of  the  element  it  rep* 

lenle,  llial  i».  for  llie  weight  of  an  atom ;  but,  as  ouly  the  rela- 

ive  valuta  of  these  wcighui  Etre  known,  ihey  are  best  expressed 

1  w  many  ijarw.     Thus  II  elands  for  1  part  by  weight  of 

fdrogeu,  the  unit  of  our  system.     In  like  manner  0  atands 

r  16  pans  by  weight  of  osygen,  If  for  H  parts  by  weij^'ht 

if  Ditroffeu,  Cfor  12  parts  by  weight  of  carbwi,  C,  for  60  parts 

f  w«ight  of  mrtion,  and  m  on  for  nil  the  symbols  in  Table  II. 

lie  weight  of  llie  molecule  of  any  substance  must  evidently 

B  the  anm  of  the  vreighla  of  its  atoms,  and  is  easily  found, 

>hm  ite  symbol    is  giren,  by  simply  adding  together  the 

<et^U    winch    ihc   atomic   symbols    represent.      Thus  Il^O 

asdlfbrS  +  1G=:18  pan^of  water,  //^iVfor  3  +  14  =  17 

■rte  of  ammonia  pas,  and   C,W,0,  for  24  +  4  +  32  =  CO 

nw  nf  acetic  acid.' 

Bavin}*  Ihen  given  ihe  symbol  of  a  substance,  it  isrery  easy 
>  nlnilate  its  percentage  composition.  Tims,  ns  in  60  parts  of 
sle  mud  there  are  24  parts  of  carbon,  in  100  parts  of  the 
d  tberv  must  be  40  parts  of  carbon,  and  so  for  each  of  the 
ibnr  dements.  The  result  appears  below ;  and  in  ihu  same 
f  tbi)  percentage  com|K>sttton  both  of  alcohol  and  ether  has 
■n  mlcnlale'1  from  the  acvoinpauying  symbol. 

"..  moIertiliH-  vclghl  ef  a  waUlanet "  will  lOwnjs  maan  the 
■:fflit»urtbi)«»msr(impn-inemi«'m<ilwolO.  nnri  wefhsll 
■'•"licuiiriBtigit  uf  atyfiduA,"oi"OntMidatai»Uwtia\l 
' '■  the  auin  i>r  the  momlo  wuiglita  oT  all  Uis  moleaolH  wtilob 
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Carbon 

Acetic  Acid                       Akohol 
40.00                        52.18 

Rthor 

64.86 

Hydrogen 
Oxygen 

6.67                        13.04 
53.33                       34.78 

13.52 
21.62 

100.00  100.00  100.00 

The  rule,  easily  deduced,  is  this :  As  the  weight  of  the  moh- 
cule  is  to  the  weight  of  each  element,  so  is  one  hundred  parts  to 
the  percentage  required. 

On  the  other  hand,  having  given  the  percentage  composition, 
it  is  easy  to  calculate  the  number  of  atoms  of  each  element  in 
the  molecule  of  the  substance.  This  problem  is  evidently  the 
reverse  of  the  last,  but  it  does  not,  like  that,  always  admit  of  a 
definite  solution  ;  for,  while  there  is  but  one  percentage  compo- 
sition corresponding  to  a  given  symbol,  there  may  be  an  infinite 
number  of  symbols  corresponding  to  a  given  percentage  com- 
position. For  example,  the  percentage  composition  of  acetic 
acid  corresponds  not  only  to  the  formula  G^H^O^  given  above, 
but  also  to  any  multiple  of  that  formula,  as  can  easily  be  seen 
by  calculating  the  percentage  composition  of  CII^O,  C^H^O^ 
C^H^O^^  &c.  They  will  all  necessarily  give  the  same  result, 
and,  before  we  can  determine  the  abi^olute  number  of  atoms  of 
each  element  present,  we  must  have  given  another  condition, 
namely,  the  sum  of  the  weights  of  the  atoms,  or,  in  other 
words,  the  molecular  weight  of  the  substance.  When  this  is 
known,  the  problem  can  at  once  be  definitely  solved. 

Suppose  we  have  given  the  percentage  composition  of  alco- 
hol, as  above,  and  also  the  further  fact  that  its  molecular  weight 
is  4G.     AVe  can  then  at  once  make  the  proportion 

100  :  52.18  =  46  :  a:  =  24  the  weight  of  the  atoms  of  carbon, 
100 :  13.04  =  40: a:  =    6   "        "       "    "      "      "hydrogen, 
100: 34.78  =  46  :a:=  16   "       "       "    "      "      "oxygen. 

Then  it  follows  that 

^J  ^  2  the  number  of  atoms  of  carbon  in  one  molecule, 
^  =  6    "         "        "       "       "  hydrogen  in  one  molecule, 
■Jl  =  1    "         "        "       "      "  oxygen  in  one  molecule. 

It  is  evident  from  this  example,  that,  in  order  to  determihe 
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cactif  tlie  sjimbol  of  a  compound,  we  must  know  iu  molecular 
'eight.  When  the  eubstiuice  b  a  gai,  or  is  capaUlo  of  bting 
luuiged  into  vapor,  we  can  easily  deienniue  in  molecular 
'eigbt  bjr  the  principle  on  page  18.  TLe  molecular  weight  Ja 
mp\y  twice  'tis  speoific  gravilj'  mftirrL-il  to  hydrogen.  For  all 
10  pmblirms  gii-eu  in  tliia  book,  which  ileal  only  with  the  com- 
tOD  ga<ca  and  vaporj,  the  molecular  weight  can  be  at  once 
iken  from  Table  lU.  If  wo  are  dealing  with  a  new  substance, 
■B  nmt  Jele'rmine  ila  specific  gravity  ex perimen tally  byoiiuof 
W  mclhodj  which  will  herenfler  be  described. 

When,  on  account  of  the  fixed  nature  of  the  substance,  the 
m  mode  of  investigation  is  impoisible,  we  can  still  frequently 
Mennlne  with  great  probability  the  tnolecutar  weiglil,  by  study- 
ig  the  diemical  reactions  inio  which  the  substance  enters,  and 
annecling,  by  carvful  quantitative  experiments,  the  molecular 
wuglit  with  that  of  some  substance  whose  molecular 
Jit  ii  knovru.  The  meiliodj  used  in  such  cases  will  be  in- 
eai«d  hereafter ;  but  even  when  ail  such  means  fail,  we  can 
irenbcless  ulways  find  which  of  all  possible  symbols  ex- 
Tittf^  the  composition  of  the  substance  we  are  studying  in 
e  •tnipleel  terms,  in  other  words,  with  the  fiwost  number  of 
nof  in  ihe  molecule.  Suppose  the  suhsmnce  to  be  cane  sugar, 
caaiiot  be  volatilized  without  decomposition,  and  of  which  - 
reaction  is  linown  which  gives  any  deHnite  clew  to  its  mole- 
ar  weight.  Peligot's  analysis,  cited  on  page  9,  ^hows  that  it 
■tains,  in  1<^0  parts,  42.0G  parts  of  carbon,  fi.^Q  parts  of 
drogeji,  and  51.44  parts  of  oxygen.  Assume  for  the  mo- 
M  that  the  molecular  weight  is  equal  to  lOU  then 

-  "  ■  =  3.30  the  number  of  atoms  of  carbon. 


-  =;  G.50   • 


BI.44 


=  3.22   ' 


'  hydrogen. 


'   oxyge 


ThlB  would  be  the  number  of  atoms  of  each  element  if  the 
m  of  tli«  atomic  weiglit,  that  is,  the  molecular  weight,  of 
ffir,  wera  rqnnl  to  100.  As,  from  the  very  definiiion,  frac- 
pui  Moms  cannot  exist,  the^e  numbers  are  impossible,  but 
^  otbrr  potsilde  number  of  atoms  must  be  eithi?r  a  multiple 
: ^ MllltaiillJpIe  of  the  numbers  found  ;  and  wo  can  easily  diH> 
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cover  the  fewest  number  of  whole  atoms  possible,  by  seeking  for 
the  three  smallest  whole  numbers  which  stand  to  each  other 
in  the  relation  of  3.50  :  6.50  :  3.22,  a  proportion  which  is  very 
nearly  satisfied  by  12  :  22  :  11.     Hence,  the  simplest  possible 

symbol  is  €12^22  ^u)  ^^^  ^^^^^  ^^  ^^^^  adopted  by  chemists  as 
the  symbol  of  cane  sugar,  although,  from  anything  we  as  yet 
know,  the  symbol  may  be  a  multiple  of  this.  If  now,  taking 
this  symbol  as  our  starting-point,  we  calculate  the  percentage 
composition  which  would  exactly  correspond  to  it,  we  obtain 
the  following  results,  which  we  have  arranged  in  a  tabular 
form,  so  that  the  student  may  compare  the  theoretical  compo- 
sition with  the  numbers  Pcligot  obtained  by  actual  analysis. 

Composition  of  Cane  Sugar^ 

^12^22  ^M" 

P61igot'8  Analyaifl.  Theoretical. 

Carbon  42.06  42.11 

Hydrogen  6.60  6.48 

Oxygen  61.44  51.46 

robToO  100.00 

The  difference  between  the  two  is  now  seen  to  be  within  the 
probable  errors  of  analysis,  and  this  example  illustrates  the 
method  of  arranging  analytical  results  generally  adopted  by 
chemists. 

From  the  above  discussion  we  can  easily  deduce  a  simple 
arithmetical  rule  for  finding  the  symbol  of  a  comjwund  when 
its  percentage  composition  is  known.  But  this  rule  may  be  best 
expressed  in  an  algebraic  formula,  which  will  show  to  the  eye 
at  once  the  relation  of  the  quantities  involved  in  the  calcula- 
tion, and  enable  us  to  extend  our  method  to  the  solution  of 
many  cloinses  of  problems  which  we  might  not  otherwise  foresee. 
Let  us  then  represent 

By  M  the  weight  of  any  chemical  compound  in  grammes. 
**    m   the  molecular   weight  of  the  compound  in  hydrogen 

atoms. 
"    W  the  weight  of  any  constituent  of  that  compound,  whether 

element  or  compound  radical,  in  grammes. 
^   w  the  total  atomic  weight  of  element  or  radical  in  one 

molecule. 
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Then 

—  =  proportion  by  weight  of  the  constituent  in  the  compound, 
III 

and 

If  —  =  weight  of  constituent  in  ilf  grammes  of  compound,  or 

W=M-.  [23] 

Any  three  of  these  quantities  being  given,  the  fourth  can,  of 
course,  be  found.     Thus  we  may  solve  four  classes  of  problems. 

1.  5^e  may  find  the  weight  of  any  constituent  in  a  given 
weight  of  a  compound,  when  we  know  the  molecular  weight  of 
the  compound  and  the  total  atomic  weight  of  the  constituent  in 
one  molecule. 

Problem.  It  is  required  to  find  the  weight  of  sulphuric 
anhydride  SO^  in  4  grammes  of  plumbic  sulphate  PhO,  SO^ 
Here,  tr  =  32  +  3  X  16  =  80,  m  =  207  +  16  +  80  =  303, 
and  M:=.  4.  Ans.  1.056  grammes. 

2.  We  can  find  the  weight  of  a  compound  which  can  be 
produced  from,  or  corresponds  to,  a  given  weight  of  one  of  its 
constituents,  when  the  same  quantities  are  known  as  above. 

Problem.  How  many  grammes  of  crystallized  green  vitriol, 
FeSO^.  IHiO^  can  be  made  from  5  grammes  of  iron?  Here, 
w  =  oG,  m  =  278,  W=  5.  Ans.  24.821. 

3.  We  can  find  the  molecular  weight  of  a  compound  when 
we  have  given  the  weight  of  one  constituent  in  a  given  weight 
of  the  compound,  and  the  total  atomic  weight  of  that  constitu- 
ent in  the  molecule. 

Problem.  In  7.5  grammes  of  ethylic  iodide,  there  are  G.106 
grammes  of  iodine ;  the  total  atomic  weight  of  iodine  in  one 
molecule  is  127.  What  is  the  molecular  weight  of  ethylic 
iodide?  Ans.  156. 

4.  We  can  find  the  total  atomic  weight  of  one  constituent  of 
a  molecule  when  the  molecular  weight  is  given,  and  also  the 
weight  of  the  constituent  in  a  known  weight  of  the  compound. 
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Problem.    The  molecular  weight  of  acetic  acid  is  60,  the 
per  cent  of  carbon  in  the  compound  40.     What  is  the  total 
atomic    weight  of   carbon   in  one    molecule?     Ans.  24. 
Whence  number  of  carbon  atoms  in  one  molecule,  2. 

The  last  problem  is  essentially  the  same  as  that  of  finding 
the  symbol  of  a  compound  when  its  percentage  composition  is 
given,  while  the  first  corrcspo^jls  to  the  reverse  problem  of 
deducing  the  percentage  composition  from  the  symbol.  By  a 
slight  change  the  formula  can  be  much  better  adapted  to  this 
class  of  cases.  For  this  purpose  we  may  put  M  =  1 00,  since 
we  are  solely  dealing  with  per  cents,  and  also  put  w  =  no, 
a  standing  for  the  atomic  weight  of  any  element,  and  n  for  the 
number  of  atoms  of  that  element  in  one  molecule  of  the 
compound  we  are  studying.     We  then  have 

jr=100-^%ndn  =  .^?^^.  [24] 

m  100  a  *-     -* 

The  first  of  these  forms  is  adapted  for  calculating  the  per  cent 
of  each  element  of  a  compound  when  the  molecular  weight, 
the  number  of  atoms  of  each  element  in  one  molecule,  and  the 
several  atomic  weights,  are  known ;  and  it  is  evident  that  all 
these  data  arc  given  by  the  chemical  symbol  of  the  compound. 
The  second  of  these  forms  enables  us  to  calculate  the  number 
of  atoms  of  each  element  present  in  one  molecule  of  a  com- 
pound when  the  percentage  composition,  the  molecular  weight, 
and  the  several  atomic  weights,  are  known,  and  illustrates  the 
principle  before  developed,  that  the  molecular  weight  is  an 
essential  element  of  the  problem. 

24.  Stochiornetrical  Problems.  —  The  principles  of  the  pre- 
vious section  apply  not  only  to  single  molecular  formulje,  but 
obviously  may  also  be  extended  to  the  equations  which  repre- 
sent chemical  changes.  Since  the  molecular  symbols  which 
are  equated  in  these  expressions  represent  known  relative 
weights,  it  must  be  true  in  every  case  that  we  can  calculate  the 
weight  of  either  of  the  factors  or  products  of  the  chemical 
change  it  represents,  provided  only  that  the  weight  of  some  one 
is  known.  If  we  represent  by  w  and  m  the  total  atomic  weight 
of  any  two  symbols  entering  into  the  chemical  equations,  and 
by  W  and  M  the  weight  in  grammes  of  the  factors  or  products. 
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hich  these  symboU  represent,  then  the  simple  algebraic 
mulffi  vf  thi^  ln«(  section  will  apply  to  nil  stocliioinetrifal 
>bletna  of  this  kind,  as  well  as  lo  those  before  indicaled. 
Ksv  furmul*.  however,  arc  merely  the  nigebnuc  expression 
ihc  fiiiniliur  mlu  uf  three,  and  all  stochiometrical  pi-ohlem.- 
!  aoli-ed  more  eft*ily  by  this  simple  arithmelioil  rule.  Usin^ 
t  word  symbol  to  express  the  sum  of  the  atomic  weighia  it 
MMcni^.  we  may  state  the  rule  as  applied  la  chemical  proh- 

itDS  ID  the  fullowiiig  words,  which  should  be  committed  to 


Srfntt  tAl  rencdoa  in  the  form  of  an  equation  ;  male  then 
t  yniJtoriioH,  At  the  ni/mhol  of  the  tuhslance  given  it  tollie  ti/m- 
lo/  Aa  tti^lam-«  nguired,  to  it  the  weight  of  the  tuhtiance 
mn  to  X,  the  feight  of  the  tuhsfattce  reqitired ;  reduce  the 
miMt  to  numivrt,  and  calcalale  the  value  of  x. 
Thi»  rule  flpjilies  equally  well  to  all  problem?,  like  thoae  of 
6  but  seciioii,  in  wliicb  the  elements  or  radicals  of  the  same 
symbol  are  alone  involved :  only  in  such  casca  there 
of  course  no  equnlion  to  be  written.  A  few  examples  will 
|iiBLnl£  ibo  application  of  the  rule. 

Koblem  1.  Wo  have  given  10  kilogrammes  of  common  salt, 
id  it  tt  requirfd  lo  calculate  how  much  hydrochloric  acid  gaa 
■a  be  obtained  IKim  it  by  treating  with  sulphuric  acid.  The 
expressed  by  the  equation 

(SiVo CT-t-  ff^SO,  4-  Aq)  =  {Na..SO.  +  Ji)  +  i^^l, 
ilmtce  wc  deduce  the  following  proportion. 


2M*C7:2//a=10:j;  =  Ans.  C.239  I 
Problem  2.  It  is  required  lo  calculate  how  much  sulpharlc 
id  Bnd  nitre  must  be  used  to  make  250  grammes  of  the 
roagnt  nitric  add.  The  reaction  b  expressed  by  the 
lunlion 

jafO> + //j  sOt = a;  hso, + jmo„ 

bCDM  we  get  ibe  proportions 

<^tB^O,=^5S0:T  =  Aiis.  1.  388.D  grammes  sulphuric 

/OTC^i^VO,=250:x  =  Ans.  2.  401.2  grammes  nitre. 
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The  student  should  also  solve  by  the  same  rule  the  problemfl 
given  in  the  last  section. 

25.  Gay-Lussac^s  Law,  —  This  eminent  French  chemist  was 
the  first  to  state  clearly  the  important  truth,  that,  when  gases  or 
vapors  react  on  each  other,  the  volumes  both  of  the  factors  and 
of  the  products  of  the  reaction  always  bear  to  each  other  some 
very  simple  numerical  ratio.  This  truth  is  generally  known  as 
the  law  of  Gay-Lussac,  but,. since  the  principle  is  a  direct  con- 
sequence of  the  atomic  theory,  it  is  best  studied  in  that  relaUon. 
It  is,  ^s  we  have  seen,  a  fundamental  postulate  of  the  theory  that 
equal  volumes  of  all  substances,  when  in  the  aeriform  condition, 
contain  the  same  number  of  molecules.  Hence  it  follows,  that 
the  volumes  of  all  single  molecules  are  the  same,  and,  if  we  take 
this  common  volume  as  our  unit  of  measure,  it  follows,  further, 
that  the  total  molecular  volume  represented  by  any  symbol  is 
always  equal  to  the  number  of  molecules.  We  are  thus  led  to 
a  most  imi)ortant  fact,  which  gives  an  additional  meaning  to  our 
chemical  symbols,  for  it  appears  that  Every  chemical  equation, 
when  properly  written,  represents  not  only  the  relative  weights, 
hut  also  the  relative  iwlumes  of  its  factors  and  products,  when  in 
the  state  of  gas. 

This  principle  is  illustrated  by  the  following  equations : 


C/// 

+ 
+ 

Gas. 

2 

0-0 

(70, 

+     2 

H,0 

1 
ipor. 

& 

lonh  Gt 

Oj 

cygcn  G 

ai. 

Cwbo 

—     2 

An 

uic  Anil 

ydride.         Aqu 

teoua  Vi 

2 

NO 

5 

II-H 

NIh 

+     2 

IL,0 

Nitric  Oxide 

Hydrogen  Gm. 

unonia  i 

Qu.             Aqu 

eoiu  Va 

ipor. 

The  squares  which  here  serve  to  indicate  equal  volumes, 
and  to  impress  on  the  mind  the  meaning  of  the  symbols,  are 
evidently  unnecessary  and  will  not  be  used  hereafter. 

It  is  a  great  advantage  of  the  crith,  which  has  been  proposed 
as  a  unit  of  weight  in  chemistry  (see  §  2),  that  it  stands  in  the 
same  relation  to  the  French  unit  of  volume,  the  litre,  in  which 
the  weight  of  the  hydrogen  molecule  stands  to  the  common 
volume  of  all  molecules,  the  unit  of  molecular  volume.     The 
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dIoiw)  of  a  given  mass  of  aay  gas  U  always  equal  to  the 

«  in  crilliB  disiiled  by  !u  specific  gravity  referred  to 

jgeD  [3].     Jn    like  mnnner,  tlie  cnokcular  volume  rep- 

nipd  by  any  Bytrtbol  is  equal  to  one  half  {§  17)  the  total 

mie  weight  of  that  symbol  diviiicd  by  the  apecific  gravity  of 

B  it  represeBls,     In  other  words,  the  weight  ia  critbs  of 

tny  utaan  of  gna  slancU  ia  the  same  relation  to  its  volume  in 

B  as  that  in  which  otie  half  the. total  atomic  weight  of  any 

mbol  stnnds  to  the  [otal  molecular  volume,  or,  what  amounts 

e  thing,  to  tlie  Dumber  of  moleculcB  which  the  symbol 

leiMwenU.     This  relation  must,  of  course,  hold  in  every  chem- 

J  equatiuD,  and  hence,  with  a.  simple  modiliealion,  the  rule  of 

Ae  loct  section  may  be  eiclended  to  the  many  ca-es  in  which 

it  is  desired  to  calculate  tlie  volumes  of  gas  or  vapor  involved 

I  a  chemical  change.     The  rule  so  modified  may  be  stated 

Sxprttt  the  reaetion  in  an  equali'm  ;  make  then  t/ie  propor- 
"  I,  At  mt  half  of  t/ie  tgmhol  of  the  Jim  mbilance  it  to  the 
~  rof  moheulei  oft/te  lecond,  go  is  the  weight  in  criths  of 
Wfrat  to  tAf  volume  in  litres  of  the  second  ;  reduce  the  symbol 
I  tuunbtn,  and  calculate  the  mliie  of  the  unkiioum  quantity. 

Tliia  rale  hu  the  same  general  application  as  the  first,  and 
il  few  oxamples  will  illustrate  the  use  of  iL 

Problem  1>  IIow  much  chlorate  of  potash  mui^t  be  used  to 
e  litre  of  oxygen  gas  ?    The  reaction  is  expressed  by 


2KaO,  =  2Ka  +  30'O, 

t-W9  get  the  proportion 

^(iKClO^:3  =  x:l.    a;  =  40.0  critha, 

40.9  X  0.0896  =  Ana.  3.664  grammea. 

Problem  2.  How  many  litres  of  oxygen  gas  can  be  obtained 
500  grammes  of  chlornle  of  potash  ?    The  reaction  is  the 
m  as  tidoro,  but  in  this  case  ihe  grammes  must  first  he 
to  critlis.     The  propor^on  wiU  then  he  written 
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Problem  3.  How  many  litres  of  ammonia  gas  NH^  are  con- 
tained in  20  grammes  of  ammonic  chloride,  NHfHCl^  Here 
we  require  no  equation  ;  for  the  symbol  itself  gives  at  once  the 
proportion 

20 

iira;C/:  l  =  ^-^:a?  =  Ans.  8.343  Utres. 

In  applying  the  rules  of  this  chapter  to  the  solving  of 
stochiometrical  problems,  the  student  should  carefully  bear  in 
mind,  firsts  that  the  rule  of  (24)  applies  to  all  those  cases  in 
which  the  weight  of  one  substance  is  to  be  calculated  from  the 
weight  of  another ;  secondly^  that  when  volume  is  to  be  deduced 
from  volume  the  answer  can  be  found  by  mere  inspection  of 
the  equation  according  to  the  principles  stated  in  (25),  and 
thirdly,  that  the  rule  of  page  49  applies  only  to  those  problems 
in  which  volume  is  to  be  calculated  from  weight,  or  the  reverse. 
In  using  this  last  rule  it  must  be  remembered  that  the  "  first 
substance  "  is  always  the  one  whose  weight  is  given  or  sought, 
while  the  "  second  substance  *'  is  always  the  one  whose  volume 
is  given  or  sought. 


Questions  and  Problems. 

1.  What  is  the  molecular  weight  of  plumbic  sulphate,  Pb^O^SO^l 
Of  calcic  phofiphatef  Ca^0^l(P0\7    Of  ammonia  alum, 
(NH^^y  lAl^']lO,^(SO;)^.  24i7,0?  Ans.  303,  810,  and  906.8. 

2.  What  are  the  molecular  weights  of  the  symbols 

SCill^OiiM^eSO^.  IH^O)  and  IK^-O^-COl 

Ans.  180, 1890,  and  967.4. 

3.  Are  the  total  atomic  weights  of  the  two  members  of  the  follow- 
ing reaction  equal  ? 

Fe  +  {H^SO,  +  Aq)  =  (FeSO,  +  Aq)  +  HK 
Ans.  The  total  weight  of  each  member  of  the  equation  is  154. 

4.  Calculate  the  percentage  composition  of  ammonic  clilorid6| 
NH^CL    Ans.  Nitrogen,  26.17;  Hydrogen,  7.48;  Chlorine,  66.85. 

5.  Calculate  the  percentage  composition  of  nitroben2ole,  CJl^N(K> 
Ans.  Carbon,  58.58;  Hydrogen,  4.07 ;  Nitrogen,  11.89 ;  Oxygoi, 

26.01. 
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t.  GiTcn  Uie  percentage  composition  of  chlordbrin  m  foIlowB : 
■ban.  10.(M;   B^rogen,  0.83;   Chtorine.  89.13.      R^qaired  the 
ibol,  knowing  that  (he  Sp.  Ur-  of  chlorororm  vapor  equitU  59,76. 
.\na.   Clia,. 

I.  Given  the  percentage  compoBition  of  etanno-dietbylic  bromide 
(i^owB;  Tin,  SA.tS;  Carbon,  H.'iS  ;  Hydrogen,  2.97  ;  Bromine, 
*t.  Krtjuired  Ibc  symbols,  knowing  that  the  Sp.  Gr.  of  tbe 
porcqxmls  163.  Ans.  S'iCJI,^Br,. 

i.  tiirea  the  percentage  composition  of  ethylene  chloride  as  fol- 
r»:  Carbon,  21.21 ;  Hydrogen,  4,04  ;  Chlorine,  71.72.  Required 
t  qrmbol,  knowing  that  the  Sp.  Gr.  of  the  vapor  equals  49, S. 

Ana.  C.llfik. 
9.  Given  ibe  pen^entage  composition  of  cream  of  tartar  as  foir 

Potuiiiim,  20.73  ;  Ilydrogen,  2.(i6 ;  Carbon,  25.52 ;  Oxygen, 
Hoquired  the  simplest  symbol  possible.       An«.  A'//jC,0,. 

Giita  the  percentage  composition  of  crystallized  ferrous  sul- 

as  follows:    Iron,   20.15;   Sulphur,   11.51;    Oxygen,   23. oa; 

■,  *.'>.32.     Rtfijuired  the  timplest  symbol  possible. 
Ana.  Eotima^ng  the  number  of  molecules  of  water   {H,0).  as 
water  were  a  fourth  element  nitli  an  atomic  weight  of  IS,  we  get 
rSOp  711,0. 

II.  The  percentage  composition  of  morphia  according  to  Liebig's 
"jM  is  Carbon,   71.35;  Hydrogen,  0,69;  Nilrogen,  4.99  ;  Oxy- 

(by  low),  lfi.9T.    What  is  the  symbol  of  this  alkaioitl,  and  how 
\f  Anas  tins  symbol  agree  with  the  results  of  analysis  ? 
I*.  The  symbol  i\;tl,,NO^  would  require  71,58  Carbon,  fl.68 
Hydrogen,  4.91  Nitrogea,  and  1G.85  Oxygen. 
12.  It  fa  required  to  find  the  weight  of  phosphorus  in  155  kilos. 
ckldo  phosphate  (Ca,/',<',).  Ana.  31  kilgs. 

IS.  It  is  reqaired  to  find  the  weight  of  sulphuric  anhydride  (SO,) 
8U  kUos.  of  iodic  sulphale,  Na,Sn,.  Ans,  lUO  kilos. 

U,  How  many  grammes  of  plumbin  sulphate  (PhSO,)  can  be 
from  2.SGT  gnunme*  of  sulphuric  anhydride  (SO,) 

Ans.  10.1  gramme?. 
la.  How  many  grammes  crystallized  eupric  sulphate  (CuSO^. 
IJO)  will  yield  SIT  gnunmes  of  copper?  Ans.  1337  grammes, 
IC  Ewinirol  the  total  molecular  weight  of  crystallized  sodic 
nqtUto.  knowing  that  71.C  parts  of  the  salt  contain  9.2  parls  of 
dim,  and  rhat  tho  total  atomic  weight  of  sodium  in  one  mole- 
lie  OT  iho  compound  is  40.  A^b-  358. 
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17.  The  molecular  weigbt  of  potassic  nitrate  is  101.1,  and  2.359 
grammes  of  the  salt  contain  1.120  grammes  of  oxygen.  What  is 
the  total  atomic  weight  of  oxygen,  and  also  the  number  of  oxygen 
atoms  in  one  molecule  ? 

Ans.  Total  atomic  weight  48.    No.  of  oxygen  atoms  8. 

18.  How  much  nitric  acid  (//A^OJ  is  required  to  dissolve  3.804 
grammes  of  copper  (Cu)  and  how  much  cupric  nitrate  {CuNtO^) 
and  how  much  nitric  oxide  (NO)  will  be  formed  in  the  process  ? 
The  reaction  is  expressed  by  the  equation 

Ans.  10.08  grammes  of  nitric  acid;  11.244  grammes  of  cupric 
nitrate  and  1.20  grammes  of  nitric  oxide. 

19.  How  much  common  salt  (NaCl)  must  be  added  to  a  solution 
containing  30  grammes  of  argentic  nitrate  (AgNO^)  in  order  to 
throw  down  the  whole  of  the  silver,  and  how  much  argentic  chloride 
(AgCl)  will  be  thus  precipitated  ? 

(AgNOs  -\-NaCl-\-  Aq)  =  AgCI  +  {NaNO^  +  Aq). 

Ans.  10.32  grammes  of  salt  and  25.32  grammes  argentic  chloride. 

20.  How  many  litres  of  ammonia  gas  (SfflSa)  and  how  many  of 
chlorine  gas  (31-Sl  are  required  to  make  one  litre  of  nitrogen  gas 
S5r=2S5r  ?  How  many  litres  of  hydrochloric  acid  gas  (III®1)  are 
also  formed  ? 

2S5nii3  +  301-01  =  emcgi  +  3S5r-^ssr. 

Ans.  2  litres  of  ammonia  gas ;  3  litres  of  chlorine  gas,  and  6 
litres  of  hydrochloric  acid  gas. 

21.  How  many  litres  of  hydrochloric  acid  gas  (SOI)  and  bow 
many  of  oxygen  gas  (vfi>=^J))  can  be  obtained  from  one  litre  of 
aqueous  vapor  (Ss'^)f  and  how  many  litres  of  chlorine  gas 
(Ol-Ol)  niust  be  used  in  the  process  ? 

2IIIa(S)  +  20101  =  4ia01  +  (EHD. 

Ans.  2  litres  of  hydrochloric  acid  gas,  i  'litre  of  oxygen  gas,  and 
1  litre  of  chlorine  gas. 

22.  How  many  litres  of  oxygen  gas  ((DKD)  are  required  to  bum 
completely  (i.  e.  to  combine  with)  one  litre  of  alcohol  vapor 
(OilSe^)*  and  how  many  litres  of  carbonic  anhydride  (O^)  and 
how  many  of  aqueous  vapor  (ULCfi))  are  formed  by  the  process? 
The  chemical  reaction  which  takes  place  when  idcohol  burns  ii 
expressed  by  the  c(^uation 
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(9^®  +  3©=®  =  2iS©2  +  3IS.;®. 

Ana.  3  litres  of  oxygen  gas ;  2  litres  of  carbonic  anhydride,  and 
8  litres  of  aqueous  vapor. 

23.  How  many  litres  of  oxygen  gas  are  required  to  bum  one 
litre  of  arseninretted  hydrogen  (IS»^)»  ^u^d  how  many  litres  of 
anenipus  acid  vapor  (AgCo)^)  and  how  many  of  aqueous  vapor  are 
formed  in  the  process  ? 

Ana.  2^  litres  of  oxygen  gas ;  1  litre  arsenious  acid  vapor  and  1^ 
litres  of  aqueous  vapor. 

24.  How  many  litres  of  chlorine  gas  can  be  made  with  19.49 
grammes  of  manganic  oxide  (^MnOt)  ? 

llInO,+  {iHa-{-Aq)  =  {MnCfl^+ 2^2  0-{-Aq)  +(31-01 

Ans.  5  litres. 

25.  How  many  grammes  of  chalk  (^CaCO^  are  required  to  yield 
one  litre  of  carbonic  anhydride  ? 

€aCO,  +  (2Ha  +  Aq)  =  (CaCZ,+  /raO+  Aq)-^-(9®.2r 

Ans.  4.48  grammes. 

26.  How  many  litres  of  hydrochloric  acid  gas  (II CI)  can  be  made 
with  8.177  kilogrammes  of  common  salt  {NaCl)  ? 

{2Na  a  +  H^SO,  +  Aq)  =  (N(^SO,  +  Jg)  +  2  3331. 

Ans.  3120. 

27.  How  many  grammes  of  ferrous  sulphide  (FeS)  are  required 
to  yield  568  crin.*  of  sulphuretted  hydrogen  (HtS)  V 

FeS  +  iffiSO,  +  Aq)  =  (FeSO,  +  Aq)  +  SIA  ' 

Ans.  2.24  grammes. 


CHAPTER    VII. 

CHEMICAL   EQUIVALENCY. 

26.  Chemical  Equivalents.  —  If  in  a  Bolution  of  argentic 
sulphate  we  place  a  strip  of  metallic  copper,  we  find  af\er  a 
short  time  that  all  the  silver  has  separated  from  the  solution, 
and  that  a  certain  quantity  of  copper  has  dissolved  in  its  place. 

{Ag,SO,  +  ^y)  +  Cu  =  (  CuSO,  +  Aq)  +  Ag,.     [25] 

If  now  we  pour  off  the  solution  of  cupric  sulphate,  and  place 
in  this  solution  a  strip  of  metallic  zinc,  the  metallic  copper  in 
its  turn  will  all  separate,  and  to  replace  it  a  certain  amount  of 
zinc  will  dissolve. 

(  CuSO,  +  Aq)  +  Zn  =  {ZnSO^  +  Aq)  +  Cu.        [26] 

Lastly,  if  we  pour  off  the  solution  of  zincic  sulphate,  and 
place  in  this  a  strip  of  metallic  magnesium,  the  zinc  will  in  like 
manner  be  replaced  by  magnesium. 

{ZnSO,  +  Aq)  +  ]!Ig  =  {MgSO,  +  Aq)  +  Zll.       [27] 

In  experiments  like  these,  we  can  by  proper  analytical 
methods  determine  the  relative  quantities  by  weight  of  the 
several  metals  which  thus  replace  each  other,  and  we  find  that 
they  are  always  the  same.  Thus,  if  our  first  solution  contained 
108  milligrammes  of  silver,  the  amount  of  each  metal  suc- 
cessively dissolved  and  precipitated  would  be,  of  copper, 
31.7  m,  g,y  of  zinc,  32.6  m.  g.,  of  magnesium,  12  m.  g.  More- 
over, if,  instead  of  using  in  our  experiments  a  metallic  sulphate, 
we  take  a  metallic  chloride,  nitrate,  acetate,  or  any  other  com- 
pound of  the  metals,  we  find  that  the  same  definite  ratios  are 
preserved,  at  least  in  every  case  where  the  substitution  is  pos- 
sible. It  would  appear  then  that  these  relative  quantities  of 
the  several  metals  exactly  replace  each  other  in  all  such  caseSi 
They  are,  therefore,  regarded  as  the  chemical  equivalents  of 
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I  oUicr,  in  the  sense  that  lliej  ore  capulile  of  Ulliag  each 
'9  place. 

I  n  tslrict  sense,  two  qaantities  of  difiVrent  elements  can 

1  be  equivalent  to  each  other  only  when  they  are 

lUy  capable  of  rt.-pladng  each  other  in  acme  known  chem> 

I  n-uction,  but  formerly  the  woi-d  was  used  with  a  much 

■  signilluance,  and  quantities  of  two  ditfereot  clemcnla 

MUd  to  be  e'luivotent  to  each  other  if  they  had  been 

lo  be  equivalent  to  the  same  quantity  of  bouio  third 

It  which  served  aa  a  link  of  conneetiuu.     In   this  way 

dmleney  may  be  ostablighed  between  all  the  (chemical 

its,  ouil  tbc  system  of  chemistry  still  used  in  many  lest- 

i  is  based  on  a  system  of  equivalency  so  determined.    If 

}  of  chemical  equivalents  on  this  old  system  is  cora- 

t  witlk  a  table  of  atomic  weights  on  the  new,  it  trill  be 

t  the  numbers  of  ihe  one  are  either  the  same  as  those 

BT,  or  else  some  very  simple  multiples  of  them.     Tho 

f  numbers  can  be  used  in  all  stochiomelrical  calcula- 

e  sautn  way  as  the  other,  and  on  the  old  system  the 

teh  sUtnd  for  equivalent?,  as  in  the  new  they  stand  for 

weights.      The  equivalents  have  this  advantage,  that 

e  the  result  of  direct  esperimenis,  and  are  based  on  no 

thmis  in  regard  to  the  molecular  constitution  of  matter. 

is  hypothesis  is  necessary,  in  order  to  correlate  a  large 

r  of  facts  which-  modem    chemical   investigation    has 

t  to  light,  and  when  once  made,  the  rest  of  the  system 

RK  a  nece»aary  consequence. 

,   Qaantivalmee  and  Atomicitij  of  the  Elemenli. —  If  now, 

ing  with  the  atomic  woi;^1its  as  they  have  been  determined 

"1  Table  il.,  we  compiire  together  the  different 

oite  from  the  point  of  view  taken  in  the  lost  section,  it 

;  found,  that,  while  in  some  cases  one  atom  of  one  ele- 

it  is  thn  equivalent  of  one  atom  of  another,  in  other  cases, 

J  be  the  equivalent  of  two,  three,  or  four  atoms.     Since 

e  ^lem  of  tliis  book  the  symbols  always  stand  for  atomic 

i,  ibf  n*lftiion  here  referred  to  is  made  evident  whenever 

jr  mdallielical  reaction  is  expressed  in  the  form  of  an  equa- 

A  few  examples  will  illustrate  the  point,  and  make 

r  what  is  meant.     Tho  reaction  of  aqueous  hydrochloric 

1  &  solution    of  argentic  nitrate  is  expressed  by  Uio 
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(AgNO,  +  HCl  +  Aq)  =  {HNO,  +  Aq)  +  AffCI,  [28] 

and  here  evidently  Ag  changes  places  with  H,  and  hence  one 
atom  of  silver  is  equivalent  to  one  atom  of  hydrogen.  Take 
now  the  reaction  of  dilate  sulphuric  acid  on  zinc,  which  is 
expressed  by  the  equation, 

Zn  +  {H^SO,  +  Aq)  =  {ZnSO^  +  Aq)  +  la-S!,   [29] 

and  it  will  be  seen  that  Zn  has  changed  places  with  H^  and 
hence  that  one  atom  of  zinc  is  the  equivalent  of  two  atoms  of 
hydrogen.  Lastly,  in  the  reaction  of  water  on  phosphorous 
trichloride,  expressed  by  the  equation, 

m 
ff,H,0,  +  PCk  =  SffCl-\-IfJ>0„  [30] 

Phoiphoroiu  Add. 

it  is  equally  evident  that  P  has  changed  places  with  If^  and 
hence  in  this  reaction  one  atom  of  phosphorus  is  equiva- 
lent to  three  atoms  of  hydrogen. 

This  relation  of  the  elements  to  each  other  is  called  by 
Hofmann  quantivalence  ;  and  selecting  here,  as  in  the  system  of 
atomic  weights,  the  hydrogen  atom  as  our  standard  of  reference, 
the  atoms  of  different  elements  are  called  univalent,  bivalent, 
fnvalent,  or  gz^^n'valent,  according  as  they  are  in  the  sense 
already  indicated  equivdXeni  to  one,  two,  three,  or  four  atoms 
of  hydrogen.  These  terms  are  very  appropriate,  since  they 
are  all  derived  from  the  same  root  as  our  common  English 
word  equivalent,  which  best  expresses  the  fundamental  idea 
that  underlies  the  whole  subject.  We  shall  therefore  adopt 
them  in  this  book,  and,  as  Hofmann  recommends,  designate 
the  quantivalence,  whenever  important,  by  a  Roman  numeral 
placed  over  the  atomic  symbol  thus, 

I         II       m       IV 
Cly      0,     N,      a 

In  most  cases,  however,  the  quantivalence'  is  indicated  with 
sufficient  clearness  by  the  dashes,  which  are  also  used  in  this 
book  to  separate  the  parts  of  a  molecular  symbol.  The  nam- 
ber  of  these  dashes  is  always  the  same  as  the  quantivalenoe 
of  the  atoms,  or  groups  of  atoms,  on  either  side. 
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With  Aean  Additions  to  our  nutation  we  ore  able  to  express 
■fcy  oor  symbots  all  ihat  was  valuable  in  llie  old  gysienj  af 
(titp^rtihats,  and  at  llie  same  time  all  that  is  peculitu-  to  our 
'modem  tfaeorlts. 

Prect*eljf  the  eame  relations  of  cjuantivalence  are  manifested 
rm  more  fiillj  by  the  compound  rudicals,  whenever  in  a 
lemicjil  rvaciiou  tliey  cLange  places  witli  elementary  atoms, 
id  llieir  replacing  valae  is  indicated  ia  the  same  way.  Thus, 
.  tbe  following  reaction, 

c,ff,d-ct+jro-Ji=H'a4-ff-o-a/iA    rail 

le  radii-tti  C,li,0,  natned  acetyl,  changes  places  with  one  atom 
f  bjrdragvn,  and  U  therefore  univalent,  while  in  the  next, 

[32] 


e  radical  CH'ia  as  evidently  trivalent. 

The  iiuantivutence  of  an  elemeol  or  radical  is  fchown,  not  only 
'  fU  power  of  replacing  hydrogen  atoms,  but  also  hy  its  power 
replacing  any  other  atoms  whose  quanlivalence  ia  known, 
iver,  what  is  still  more  imporlHnt,  the  quantivalence  of  an 
isnt  or  radical  is  shown,  not  only  by  its  replacing  power,  but 
by  what  we  may  term  its  (Uom-fxing  power,  that  is,  by  its 
Br  of  holding  togetlier  other  elements  or  radicals  in  a  mole- 
,  Vi'e  may  take  as  examples  the  molecules  of  four  very 
acteristic  compounds,  namely,  hydrochloric  acid,  water, 
looui,  and  marsh  gas,  whose  symbols  may  be  written  thus, 

fT-a        H.  11 -O  H,  H,  H-^N      H,  H.  If,  HW. 


By  Ihe^e  Evmhols  it  appears,  that,  while  the  univalent  atom  of 
Uorine  can  hold  but  one  atom  of  hydrogen,  the  bivalent  atom 
f  uxygen  holds  two,  the  trivalent  atom  of  nitrogen  thiee,  and 
he  qnadriviilcnt  atom  of  cnrbon  four  atoms  of  the  same  ele- 
irnt.  It  appears,  then,  that  the  Roman  numerals  or  dashes, 
hieh  represent  the  replacing  power  of  the  atoms  or  radicak, 
it  also  the  alom-Ji~cing  poieer  of  the  same,  measured 
i  by  tbu  noiuber  of  aloma  of  hydrogen,  or  their 
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equivalents,  with  which  these  atoms  or  radicals  can  combine 
to  form  a  single  molecule.  On  account  of  the  importance  of 
this  principle  we  will  extend  our  illustrations  to  a  number  of 
other  compounds,  and  the  student  should  carefully  compare 
in  each  case  the  quantivalence  on  the  two  sides  of  the  dash 
or  dashes,  which  mark  the  atom-fixing  power  of  the  dominant 
atom  in  the  molecule. 

II  II  II  II 

Na-Cl  K-I  C^HfBr  KON; 

Sodic  Chloride.      PoUmIc  Iodide.     Ethylic  Bromide.      Polaadc  Cjruilda. 

I    II    I  nn         ini  ini 

K'O-H        Pb-0       E'O-NO^      H-O-C^H^Oi 

FoUwic  Hydrate.     Fiuinbic  Oxide.       Nitric  Acid.  Acetfe  Acid. 

Ill         III  I  mil  I™ 

Ethyiamine.  Triethyl  plioepliine.      Hethyl-etliylHuiiyl-«niliM. 

The  quantivalence  of  the  chemical  elements,  especially  as 
indicated  by  their  atom-fixing  power,  is  by  no  means  always 
the  same.  They  constantly  exhibit  under  different  conditions 
an  unequal  atom-fixing  power.     Thus  we  have 

n  IV  m  V  m  V 

Sfi  a,  and  Sn  a,,       P  Cl^  and  PCI,,       NH^  and  NH^  CL 

Each  element,  however,  has  a  maximum  power,  which  it  never 
exceeds.  This  we  shall  call  its  atomicity,  and  we  shall  distin* 
puish  the  elements  a>»  monads,  dyads,  triads,  &c.,  according  to 
the  number  of  univalent  atoms  or  radicals  they  are  able  at 
most  to  bind  together.  Thus  nitrogen  is  a  pentad,  although 
it  is  more  commonly  trivalent,  and  lead  is  a  tetrad,  although 
it  is  usually  bivalent.  Again,  sulphur  is  a  hexad,  although 
in  most  of  its  relations  it  is,  like  lead,  bivalent.  In  like 
manner  with  other  elements,  one  of  the  few  possible  con- 
ditions is  generally  much  more  common  and  stable  than  the 
rest,  and  this  prevailing  quantivalence  of  an  element  is  a 
more  characteristic  property  than  its  maximum  quantiva- 
lence or  atomicity.  A  classification  of  the  elements  based  on 
their  atomicity  alone  would  contravene  their  most  striking 
analogies,  while  one  based  on  the  prevailing  quantivalence 
very  nearly  satisfies  all  natural  affinities.  Moreover,  it  should 
be  added,  that,  while  the  prevailing  quantivalence  of  the  ele^ 
ments  is  generally  well  established,  their  atomicity  is  freqaentlj 
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in  dmibt ;  for  the  first  can  generally  be  discovered  by  sludy- 

th«  simple  compoanila  of  the  elcineoU  wiiU  chlorine  or  hy- 

geo,  trLile  the  last  is  often  only  manifieleii  in  lliose  more 

eomplex  combinations,  in  regard  to  which  a  di0ei%oce  of  opin- 

ian  i>  |H>^ble. 

Tbe  possible  degrees  of  quantivalence  of  an  elementary 
atom  are  relnled  to  each  other  by  a  very  simple  law.  They 
liber  all  even  or  all  odd.  Thu:^  the  alora  of  sulphur  may 
Iw  Mxtivaleni,  quadrivalent  and  Livalenl,  but  is  never  triva- 
Jeot  CM"  univalenl ;  and  on  the  other  hand  the  atom  of  nitrogea 
ny  b«  quinquivalent,  trivalent  and  univalent,  but  not  quad- 
.ralent  uf  bivalent.  Atoms  like  those  of  sulphur,  wlio.^e  quan- 
tivalenee  U  always  even,  are  colled  artiads,  while  those  like 
iritragen,  whose   quoniivalence    ia    always    odd,    are    called 


28.  Atomicity  or  Quantiealence  of  liadieah.  —  When  In  the 
olecule  of  uuy  compound  the  dominant  or  central  atom  is 
united  to  as  many  other  atoms  as  it  can  hold  of  that  kind,  the 
■nolecolc  is  said  to  be  saturated ;  thus 

UCl,        H.,0,        ff,N,        II fi 

n  all  wUnnited  molecules  ;  for,  although  nitrogen  is  a  pentad, 
t  oaool  without  the  inten-cntion  of  some  other  atom  or  radical 
old  more  than  three  atoms  of  hydrogen.  While  on  the  other 
land  tlie  molecules 

CO,         P'hlt  and  SnCi, 

ire  not  Mturated.  for  ihey  can  combine  directly  with  mora 
ajgea  or  chlorine,  forming  tbns  the  saturated  mok'culea 

C0„         PCl,BndSna,. 

IT  now  from  a  saturated  molecule  we  withdraw  one  or  more 
OeaiB  of  hydrogen,  or  their  equivalents,  ifif  resi'dtte  may  be  re- 
•garded  at  a  ompnund  radical  leith  an  ntomicity  equal  to  the 
>«iHin&r/-  vf  hydrogen  afom»,  or  lAeir  equivalenls,  withdraten, 
SltVf.  if  ffimi  the  aalurated  molecule  of  marsh  gaa  BtCin 
jvltlidnw  one  atom  of  hydrogen,  we  get  the  radical  methyl 
B%C,  which  ie  B  monad ;  if  we  withdraw  two  atoms,  we  have 


CO  CHEMICAL  EQllVALENCT. 

the  radical,  /^C,  which  is  a  dyad;  if  we  withdraw  three, 
there  resiults  HG,  which  is  a  triad ;  and  lastly,  if  we  with- 
draw all  four,  we  fall  back  on  the  tetrad  atom  of  carbon.  Again, 
if  from  the  saturated  molecule  of  nitric  anhydride  N%0^  we 
withdraw  one  atom  of  the  dyad  oxygen  0,  it  falls  into  two 
atoms  of  NO^  each  of  which  is  a  monad.  If  now  we  with- 
draw from  NO^  one  of  its  remaining  atoms  of  oxygen,  we 
have  left  NO,  which  is  a  triad.  Lastly,  a  molecule  of  sulphuric 
anhydride  SO^y  which  is  saturated,  gives,  by  withdrawing  one 
atom  of  oxygen,  SO^,  which  acts  as  a  bivalent  radical.  These 
considerations  lead  us  to  a  simple  rule,  first  stated  by  Wurtx, 
which  in  almost  every  case  will  enable  us  to  infer  the  atomicity 
of  any  given  radicaL  The  atomicity  ^  of  a  compound  radical 
is  always  equal  to  the  number  of  hydrogen  atoms,  or  their  equiva^ 
lentSj  which  the  radical  may  he  regarded  as  having  lost. 

It  must  not  be  supposed,  however,  that  all  such  radicals  are 
possible  compounds.  In  a  few  cases  only  these  residues,  of 
which  we  have  been  speaking,  form  non-saturated  molecules, 
which  are  capable  of  existing  in  a  free  state,  like  those  of  car- 
bonic oxide,  nitric  oxide  and  sulphurous  acid.  At  other  times 
they  are  compound  radicals,  which,  by  doubling,  form  molecules 
that  can  exist  in  a  free  state,  as  those  of  cyanogen  gas,  and 
perhaps  also  of  some  hydrocarbons.  Again,  they  appear  as 
compound  radicals,  wliich  pass  and  repass  in  so  many  chemical 
reactions  as  to  almost  force  upon  us  the  belief  that  they  have 
a  real  existence,  and  represent  the  actual  grouping  of  the 
atoms  in  the  compounds  of  which  they  seem  to  be  an  in- 
tegral part.  Still  again,  and  even  more  frequently,  they  can 
only  be  regarded  as  convenient  factors  in  a  chemical  equation. 

^  The  quantiyalence  of  a  compound  radical  is  always  the  same  as  its 
atomicity. 
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Que*lion»  and  Prubtenu. 
I.  An&Iyxe  the  Gillowing  metatiietic^il  reactions,  showing  in  each 
le  tioif  uutny  parts  of  (be  several  elciucaU  are  equivalent  lo  one 
rt  by  weight  of  hydrogen,  and  itlao  to  liow  many  atoms  of  hydro- 
n  ono  alum  of  each  of  the  interclian^ng  elemonis  corresponds. 
W  the  atooiiu  weights  refer  lo  Table  IL 

i//-0-C^^+  K-K=  iKOCJf^  +  HH. 


Sh'Oell^  -)-  3/^Cr  =  SbC%  +  SH-O-H. 
AH'O  H  4-  SiCl,  =  ffAO,iSi  +  ifWl. 

iuHH  Ci.l'Mt.         aUcic  Add. 

3  M*ke  out  tt  tnble  of  cbcraical  equivalents  so  far  as  the  i 
'  Uib  ehsptcr  will  chrMo  you  to  deduce  tbem  from  the  atomic 
rigbts  ^ven  in  Table  11. 

S.  Anklyee  the  fbllowing  tifetsth<;tical  reactions,  showing  in  each 
KB  how  ih^  rjumiti  valence  of  the  several  compound  radicals  in- 
ini  \a  the  Dielathcsii,  is  indicated. 

f-0'ff-\-{OJI,0)-0-(C,H,)={Cjff;,0)-0-ff^I{-0-lC^^). 

niiiili  -J     "i  Elkrbat BmiUilL  ElhiWiir CtidIiIi.         Puisnii]  Dnrolit*. 

lite  namn  of  thr  radicals  are  as  follows :  C,//,i?,  Acetyl ;  C,f/„ 
Afl;  C,//„  Ethylene;  C,;/„,  Glyceryl ;  CS,  Cyanogen. 
4.  What  is  the  aloni-ftxing  power  or  quantivalenco  of  the  difTer- 
n  wjMam  sud  radicals  in  the  following  symbols  ? 


^Sf^S  H^Nt '-  0,'CO  (N/f^y  0  -NO 

^^,0,      {iiO).(n.^y[r,H,o.,)      K,S!Mj,^a,R.,Oj. 

ff, ;  C,n,0     (alcohol) ;  CO(X   (pbn^ne  gas) ; 

il  ('.H.O.  (oxalic  aci.l)  are  saturated  molo- 

"   "  t  ra.lii^.il3  UO  (hydroxyl)  ;  C.Wj 

"  '  "  '    '  "      ""'  (carbonyl); 


CHAPTER    VIII. 

CHEMICAL   TYPES. 

29.  Types  of  Chemical  Compounds.  —  There  are  three 
modes  or  forms  of  atomic  grouping,  to  which  so  large  a  num- 
ber of  substances  may  be  referred,  that  they  are  regarded  as 
molecular  types,  or  patterns,  according  to  which  the  atoms  of 
a  molecule  are  grouped  together.  These  types  may  be  repre- 
sented by  the  general  formulae :  — 

II  I    I    n  I   n    I 

E-R  R,R--R    or    R-R-R  [33] 

I     I     I    ni  I     I   ni    I 

i?,  R,  R-R        or        i?,  R-R-R. 

It  will  be  noticed,  that  in  the  first  of  these  types  a  single  uni- 
valent atom  or  radical  ^  is  united  to  another  single  univalent 
atom,  that  in  the  second  a  bivalent  atom  binds  'together  two 
univalent  atoms  or  their  equivalents,  and  that  in  the  third  a 
tiivalent  atom  binds  together  three  univalent  atoms,  or  their 
equivalents.  Tlie  dashes  are  used  to  separate  what  has  been 
called  the  central,  the  dominant,  or  the  typical  atom  from  those 
which  it  thus  unites  into  one  molecular  whole,  and  serve  at 
the  same  time  to  point  out  the  parts  of  the  symbol  to  which 
its  afliiiities  are  directed.  Commas  are  used  to  separate  the 
subordinate  atoms  so  united.  It  will  be  further  noticed,  that 
in  each  case  the  quanti valence  of  the  dominant  atom  is  equal 
to  the  sum  of  the  quantivalences  of  the  subordinate  atoms,  or 
radicals,  on  either  side;  and  the  peculiarity  in  each  case  consists 
solely  in  the  relations  of  the  parts  of  the  molecule  which  we 
thus  attempt  to  indicate  by  the  symbol.  The  three  compounds, 
hydrochloric  acid,  water,  and  ammonia, 

II         II    II         iiiin 
H-  C7,     H,  H-  O,     H,  H,  IPN, 

^  Here,  ns  elsewhere  through  the  book,  we  use  the  svmbol  R  for  aor 
II  III 

univalent,  R  for  any  bivalent,  and  R  for  any  trivalent  atom  or  radical.  More- 
over, to  avoid  unnecessary  repetition,  we  shall  for  the  future  conform  to  tba 
general  usage,  and  speak  of  the  atoms  of  a  radical  as  well  as  of  those  of  aa 
elemeatf  and  n.«o  the  word  "  atom  **  as  applying  to  both,  although  the 
frequeatly  involves  an  obvious  soleolsm. 
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genernllj  taken  as  represeiiKitivea  of  these  types,  and  sub- 
described  ns  belonging  to  the  type  of  hydrochlo- 

0  acid,  to  the  type  of  water,  or  to  the  type  of  ammonia,  ae 
le  CR»e  may  be.     These  sabslances,  however,  itre  regarded  as 

oiher  sL-nse  than  that  their  molecules  present  the 
itnr  mode  of  groiipiog  which  13  indicated  abovo  by  the  more 
Nieral  symbol*.  SubiXances  belonging  to  the  same  type  may 
lira  wiih'ly  difierent  properties.  To  the  type  of  waler  be- 
og  ibi;  »tn>ngMt  alkalies  and  ibe  most  corrosive  acids  known. 

1  what,  ihcii,  it  may  t>e  asked,  does  the  type  outwardly  con- 
st, or  in  what  is  it  manifesled  ?  for  the  gronping  of  (he  atoms 
M  only  be  a  matter  of  inference.     The  answer  if,  that  the 

oT  ttie  aiolfcules  of  a  substjtnce  is  manifested  solely  by 
cbemit^al  reactions.  Substances  belonging  to  llie  same  type 
amply  ihoae  whose  reactions  may  be  classed  together  ac- 
Kimc  one  general  plan.  Thus  wal^r,  alcohol,  and 
sede  »cJd  are  das5«d  in  the  same  type,  because,  when  f^ubmil- 
ti  la  ibe  action  of  the  same  or  similar  reagents,  they  undergo 
like  tmnrformation,  which  eeems  to  point  to  a  similarity  of 
lomle  grouping. 


JK  <kff^'OA-  PCI,  =  PCI„0  +  If'Cl  4-  CJh-Cl    [34] 

Ikibol.  PtuKphioic  OvcbloridD.  ElhjIU:  a^kudo- 

On  Btudying  these  reactions,  it  will  be  seen  tlial  both  the  raan- 
r  In  which  ihn  throe  compounds  break  up,  and  the  probable 
nititiitlDn  (;f  the  products  formed,  point  to  iho  conclusion,  [hat, 
eadi,  one  bivalent  atom  holds  together  two  univalent  atoms 
ndieala.  It  will  be  found,  in  the  first  place,  that  in  all  three 
M*  tlie  reaction  cou.sisls  primarily  in  the  substilulion  of  two 
onu  of  clilorine  for  one  of  oxygen  in  the  original  molecule. 
will  apiiriir,  in  the  next  place,  that  as  soon  as  this  dominant 
mi,  which  holds  together  the  parts  of  tlie  molecule,  13  taken 
my,  eacli  of  the  three  molecules  splits  up  it(lo  two  others  of  a 
type :  and  lastly,  it  is  evident  from  the  third  example 
n  of  tlie  oxygen  atoms  of  acetic  acid  stands  in  a  very 
relaljon  to  the  molecule  from  llie  other.      All  lliU 
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points  to  the  inference  just  made.  At  least,  these  and  a  vast 
number  of  similar  reactions  are  best  explained  on  this  hypoth- 
esis, and  herein  its.  only  value  lies  and  its  probability  rests. 
In  section  27  we  have  already  given  the  symbols  of  a  number 
*of  chemical  compounds  so  printed  that  they  can  be  at  once  re- 
ferred to  one  or  the  other  of  the  three  types  here  alluded  to, 
and  it  will  not,  therefore,  be  necessary  to  multiply  examples  in 
this  place. 

30.  Condensed  Types.  —  In  the  same  way  that  a  bivalent 
atom  may  bind  together  two  univalent  atoms  or  their  equiva- 
lents, so,  also,  it  may  serve  to  bind  together  two  molectdes,  and, 
in  like  manner,  a  trivalent  atom  may  bind  together  three  mole' 
cules  into  a  more  complex  molecular  group ;  and  thus  are 

formed  what  are  called  condensed  types.     We  may  represent 

I     n    I 
a  double  molecule  of  the  type  of  water  thus,  Ji^^B^'Ii^  but 

it  must  be  borne  in  mind  that  such  a  symbol  stands  for  two 

molecules,  since,  by  the  very  definition,  two  molecules  of  the 

same   kind  cannot  chemically  combine.      We  can,  however, 

solder  them,  as  it  were,  into  one  molecular  whole  by  substituting 

I  n 

for  the   two  univalent  atoms  i?2  *  single  bivalent  atom  i?, 

when  we  obtain  a  mode  of  molecular  grouping  represented  by 

I     11    II 

which  may  bo  called  the  type  of  water  doubly  •condensed.  The 
constitution  of  common  sulphuric  acid  is  best  represented  after 
this  type  by  the  symbol,  — 

II,-0,-s\  [36] 

TI 

The  soldering  atom  is  here  the  bivalent  radical  SO^  In  like 
manner,  by  using  a  trivalent  atom,  we  can  solder  together 
three  molecules  of  the  same  water-type,  as  in  the  general 
symbol,  — 

I    n  m  [371 

which  represents,  the  type  of  water  trebly  condensed.  In  the 
same  way  we  may  derive  the  symbol,  — 

T     I   in   II  r33'| 


CHEUICAL  TYPES,  C5 

rhicb  represents  Uie  tyiie  of  ammonia  doubly  condensed.  The 
ince  ures,  one  of  the  most  iiujKjrlant  of  tite  animal  secre- 
ts beet  represented  by  a  symlwl  niler  tLis  last  typo, — 


S^H^tN.'CO 


[30] 


'ben  Uie  soldering  atom  is  the  bivalent  radical  curbonyl. 

CbeiiiUts  bave  aUo  been  led  to  admit  tbe  existence  of  what 
n  called  mixtd  tt/ptt.  which  aro  fonned  by  Hib  union  of  mole- 
ulcs  of  different  types  soldered  together  by  a  single  mullJTa- 
■nt  atom  or  r&dic«l  as  before.  Thus,  the  molecules  of  euI- 
acid  may  be  regarded  as  fonned  of  a  molecule  of  water 
ircd  to  a  molecule  of  hydrogen  by  an  atom  of  sulpburyl, 
^j  tbos,  j9-0-//aud  U-H,  united  by  SO^  give 


n-0-so^-H. 


[40] 


6a,abo,  the  compoeilion  of  a  complex  organic  compound 
Qed  golptuunide,  or  sulphamic  acid,  i^  most  simply  espreesed 
when  regarded  as  fonned  by  the  union  of  water  and  ammonia 
■oUered  together  by  the  game  radical  sulphuryl ;  thus,  from 

B,  B^  H,  and  HOHvi^  have  B,  B^N-So/6-B.       [41] 

tAMly,  if  we  bind  together  on  the  same  principle  molecules 
the  type  of  hydrochloric  acid,  we  shall  simply  reproduce 
types  of  water  and  of  ammonia,  thug  showing  that  all  ths 
we  only  condensed  forms  of  ihc  simplest.  We  must  not, 
■Jore,  attach  t<j  the  idea  of  a  chemical  type  any  deeper  sig- 
mee  than  that  indicated  above.  It  is  simply  a  conven- 
mode  uf  clasaifying  certain  groups  of  cberoical  reactions, 
«  help  in  representing  them  to  the  mind;  and  we  may 
Cgsnl  the  same  eubstance  as  formed  on  one  type  or  on  the 
nther,  n«  will  b<"at  help  us  to  explain  the  reactions  we  are  study- 
ini;.  Moreover,  it  is  fre<tuently  convenient  to  assume  other  types 
beaidea  ihiee  here  specially  mentioned. 

8l.  SubttihtlioH.  —  Wlien  cottou-wool   is  dipped  in  strong 

tdtric  add  (rendered  still  more  active  by  being  mixed  with 

in  its  mlnmo  of  concentrated  sulphuric  acid),  and  afler- 

«rubed  Kod  dricil,  it  b  rendered  highly  exi>losive,  and, 
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although  no  important  change  has  taken  place  in  its  oatward 
aspect,  it  is  found  on  analysis  to  have  lost  a  certain  amount  of 
hydrogen  and  to  have  gained  from  the  nitric  acid  an  equivalent 
amount  of  nitric  peroxide  NO^  in  its  place. 

Ce(ffio)0,    becomes     C^Bj(NO;)s)Os. 

Cotton.  Qnn-Cotton. 

Under  the  same  conditions  glycerine  undergoes  a  like  change^ 
and  is  converted  into  the  explosive  nitro-glycerine,  — 

« 

C»iff»)03    becomes     C^H,{NOiii)0^ 

Olyceiine.  Nitro-flyoetine. 

So,  also,  the  hydrocarbon  naphtha,  called  benzole,  is  changed 
into  nitro-benzole,  —  • 

Co  H^     becomes      Cf^H^J^O^. 

Benzole.  Nitro-benzole. 

The  last  compound  is  not  explosive,  and  the  explosive  nature 
of  the  first  two  is  in  a  measure  an  accidental  quality,  and  is 
evidently  owing  to  the  fact  that  into  an  already  complex  struc- 
ture there  have  been  introduced,  in  place  of  the  indivisible  atoms 
of  hydrogen,  the  atoms  of  a  highly  unstable  radical  rich  in  oxy- 
gen. The  point  of  chief  interest  for  our  chemical  theory  is  that 
this  substitution  does  not  alter,  at  least  essentially,  the  outward 
aspect  of  the  original  compound.  Every  one  knows  how  closely 
gun-cotton  resembles  cotton-wool.  In  like  manner  nitro-glycer- 
ine  is  an  oily  liquid  like  glycerine,  and  nitro-benzole,  although 
darker  in  color,  is  a  highly  aromatic  volatile  fiuid  like  benzole 
itself.  Products  like  these  are  called  substitution  products^  and 
they  certainly  suggest  the  idea  that  each  chemical  compound 
has  a  certain  definite  structure,  which  may  be  preserved  even 
when  the  materials  of  which  it  is  built  are  in  part  at  least 
changed.  If  in  the  place  of  firm  iron  girders  we  insert  weak 
wooden  beams,  a  building,  while  retaining  all  its  outward  as- 
pects, may  be  rendered  wholly  insecure,  and  so  the  explosive 
nature  of  the  products  we  have  been  considering  is  not  at  all 
incompatible  with  a  close  resemblance,  in  outward  aspects  and 
internal  structure,  to  the  compounds  from  which  they  were 
derived. 

The  idea  that  each  body  has  a  definite  atomic  structure  if 
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ren  more  forcibly  sui^gualed  hy  anottier  doss  of  Enbstilution 
radacts  first  Btudiud  by  Dumas,  in  nhicfa  suoms  of  cblorino, 
romlDC  or  iodino  have  taken  ihe  place  of  ihe  hydrogen  alomd 
r  Ihe  original  rompoonil.  Thaa,  if  we  aci  upon  acetic  acid 
'itli  cblurine  gas,  we  mmy  obtain  three  Euccessive  products,  as 
lown  in  the  following  table,  although  only  the  fir^t  and  the 
iM  have  been  fuUy  invostigated. 


Acetic  acid 


C,H^O, 


(C,ir,0)-0  H 


Chloraeetic  acid  C,  {11,01)0,    "    (C^IIfilOyUU 

DicUloracetic  acid       C^{a,a^O,  '•    {C^HC\byO-lI 

Trichloracetic  acid       C,  (//CJO,    "    {CfitJjyO-ll 

We  cannot,  however,  replace  the  fourth  atom  of  hydrogen 
'  ohlorinc ;  and  (his  fact  seems  to  prove  that  there  b  a  real 
Screncc  between  this  atom  of  hydrogen  and  the  other  three, 
gives  an  additional  ground  for  the  distinction  we  make 
I  we  write  Ihe  symbol  of  acetic  acid  after  (he  type  of  water, 
in  the  second  column.  The  three  atoms  of  hydrogeu  in  the 
placrd  on  the  lef^-bimd  side  of  (he  dominant  atom  may 
1  bo  replaced  by  chlorine,  but  the  single  atom  of  hydrogen 
MCd  on  the  right  cannot.  These  products  all  resemble 
Btio  ncid  in  that  they  form  with  the  alkalies  crystalline 
lU,  when  the  fourth  atom  of  hydrogen  ia  replaced  by  an 
UB  of  sodium  or  potassium,  as  the  case  may  be. 
It  was  the  study  of  lliese  and  similar  substituiion  products 
bidi  first  led  to  the  conception  of  chemicnl  fi/pes,  and  the 
Md  u  first  used  waa  intended  to  convey  the  idco  of  a  definite 
nMnrc,  Although  perhaps  as  yet  unknown  ;  but  as  ibe  theory 
IS  extmidt'd  more  oiid  more,  and  (o  widely  did'crent  chemical 
■nponnds,  it  was  found  that  the  first  definite  conception  could 
t  be  maintained,  and  the  idea  gradually  assumed  (he  shape  we 
««  given  it  In  fhe  lust  section.  Still,  the  facts  from  which 
e  original  contrepiion  was  drawn  remain,  and  Uiey  point  no 
M  elovly  now  ihau  they  did  before  lo  the  existence  of  a  def- 
4aila  stmctiiro  in  all  chemical  compounds  as  the  legilimaie  ob- 
JKl  of  cfaejnical  investigation. 
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S3.  Tsomorphiitn. —  Closely  associated  with  the  facts  of  tl 
last  seclion,  nliich  find  their  chief  maaireslation  in  aubsta 
of  organic  origin,  are  the  phenomena  of  ieomorphisi 
arc  equally  coDspicuous  among  ftrlifidal  salts  and  nai 
jfig  1.  erals.     There  seems  to  he  on 

I  conneclion  between  chemical  compc 
I  and  cryBtalline  form,  and  two  subetaru 
1  which  under  a  like  form  have  i 
I  ogoua  coropoaition  arc  said  lo  be  uom 
I  phou».  Thus  tlie  following  mineralaj 
1  crystallize  in  rhombohedrons  (Fig.  J 
I  which  have  vciy  nearly  the  a 
I  facial  angles,  and,  as  the  syniboU  shM 
I   analogous   composition.     They  are  therefb 


calcic  carbonate 


Magncsite  or  magnesic  carbonato 
Clialybdiie  or  ferrous  " 

Diallogilc  or  mangnnoiu     " 
Soiilhsonito  or  zlncic  " 


Ccr-OfCO    i 
MpO,^CO  ] 

n    II     U    ^ 

The  most  cursory  esamination  of  these  symbols  will  8 
that  they  iliffer  from  each  other  only  in  the  iact  that  o 
taltic  atom  has  been  replaced  by  anotlier.     It  is  not,  bowei 
every  metallic  atom  which  can  thus  lie  put  in  without  alta 
the  form.     Tliis  is  a  peculiarity  that  ia  ctinlint'd  to  ( 
groups  of  Hemcnta,  which  for  this  reason  are  called  granpt 
isomorphous  elements.     Moreover,  as  a  rule,  there  is  a  olMai) 
Eemblance  between  the  members  of  any  one  of  these  groii|Hl 
all  their  other  chemical  relations.    These  facts,  like  ibose  of  g 
last  section,  lend  to  show  that  tlie  molecules  of  every  snlM 
have  a  determintite  structure,  which  admits  of  a  limited  mq 
tUtioD  of  parts  without  undergoing  essential  change,  but  « 
is  either  destroyed  or  takes  a  new  shape  when  in  place  of  I 
of  its  constituents  we  force  in  an  uncoiiformtihle  element. 
well-known  class  of  artificial  salts,  called  the  nlums,  aflbnla  V 
a  more  striking  illustrtktion  of  the  principles  of  i:~omo 
ihnn  llie  simpler  eiainple  we  have  chofcn  ;  but  all  iLo  \i> 
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'  Ibe  MhJMt  cannot  be  understood  without  a  knowkdge  of 
yMatlof^phj,  and  we  must  therefore  refer  for  furlLer  JelaiU 
I  workn  oo  iiiinenilogy. 

83.  national  Symbols.  —  Chemical  formultp.  like  those  of 
IB  Ia»t  few  aectinna,  which  endeavor,  by  grouping  together  the 
em«n(ai7  symbolg,  to  ilhistrate  certain  classes  of  reactiona, 
td  to  illudtratA  tlie  manner  in  which  a  complex  molecute  may 
niak  up,  are  called  ralional  symloli,  and  are  to  be  distinguished 
MB  tbc0im|i!er  symbols  used  earlier  In  the  book,  which  ex- 
Kit  only  liie  relative  proportions  in  which  the  elements  are 
KnUned.  and  wliieh,  since  they  are  simply  expressions  of  ibe 
sttlts  of  anulysis  ou  a  eouceried  plan,  are  called  empirical 
|M&ob.  Whether  these  rational  symbols  can  be  regarded  in 
ny  Mnse  as  indicating  the  actual  grouping  of  the  material 
ions  h  very  doubtful,  allhough  fauts  like  those  stated  above 
oald  teem  to  indicate  that  such  may  he  the  case,  at  least  to  a 
Diitcd  extent.  It  is  dithculi,  for  example,  to  resist  the  con- 
luioo  tliat  in  alcohol  and  its  congeners  the  atoms  C^/^  are 
reaped  lo;;eiher  in  eomc  sense  apart  from  the  rest  of  the 
loleeule  t  hut  ibca  we  have  no  evidence  of  tliis  grouping  apart 
Qm  the  reactions  of  Ibcse  compounds  and,  until  greater  cer- 
ialjr  ia  reached,  it  is  not  hest  lo  attach  a  significance  to  our 
rnboU  beyond  the  truths  they  are  known  to  illustrate. 
It  it  objected  to  the  use  of  rational  symbols  that  they  bias 
M  Judgment  on  the  side  of  some  theory,  of  whicli  they  are 
MS  or  less  the  expooents.  But  when  they  are  used  in  the 
liuv  ttated  above,  tlii»  objection  has  no  force,  for  the  reactions 
\tf  prefigure  are  no  let's  facts  than  the  definite  proportions  they 
ieDTVuiiunally  represent,  and  we  employ  one  mode  of  grouping 
the  symlioU  or  another,  as  will  best  indicate  the  reactions  wo 
«rc  fctiuiyin};.  Moreover,  as  science  advances,  we  have  every 
reason  (o  believe  that  we  shall  gain  more  and  more  knowledge 
o(  the  actual  relations  between  the  parts  of  a  material  molecule, 
ud  ft*  ba'"  already  been  intimated,  there  can  hardly  be  a 
donbl  ihnt  in  some  cases  our  rational  symbols  do  express  even 
lual  knowledge  of  this  sort,  however  crude  and  partial 
bo.  Our  present  typical  symbols  are  indeed  llie  ex- 
of  partial  generalizations,  which,  however  impcrfecli 
ckmenl  of  truth.  Hence  it  is  tliut  they  have  pointed 
lines  of  investigation,  have  led  lu  new  didcoveriQa,  nii<i 
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have  been  of  the  greatest  value  to  science.  They  will  doabt- 
less  soon  be  superseded  by  other  rational  symbols,  expressing 
other  partial  generalizations,  to  serve  the  same  purpose  in  their 
turn  and  be  likewise  forgotten.  We  must  not,  however,  de- 
spise these  temporary  expedients  of  science.  They  are  not  only 
useful,  but  necessary,  and  cannot  mislead  the  student  if  he  re- 
members that  all  such  aids  are  merely  the  scaffoldings  around 
the  science,  on  which  the  builders  work.  It  is  from  this  point 
of  view  alone  that  we  are  to  look  at  the  whole  idea  of  chemi- 
Ciil  atoms,  which  lies  at  the  basis  of  our  modern  chemical 
philosophy.  That  this  idea  is  actually  realized  in  the  concrete 
form  which  it  takes  in  some  minds,  can  hardly  be  believed. 
The  true  chemical  idea  of  the  atom  is  more  nearly  represented 
by  the  corresponding  Latin  word  individuum.  The  atom  is 
the  chemical  individual,  the  unit,  in  which  the  mind  seeks  to 
repose  for  the  time  the  individuality  of  that  as  yet  undivided 
substance  we  call  an  element. 

34.  Graphic  Symbols,  —  A  more  graphic  method  of  repre- 
senting the  relations  between  the  atoms  of  a  molecule .  than 
that  of  our  ordinary  rational  symbols  has  been  contrived  by 
Kekule,  and  has  a  similar  value  in  aiding  the  conceptions,  and 
thus  facilitating  the  study  of  chemistry.  In  describing  this 
system  we  shall  speak  of  the  possibilities  of  combinations  of 
any  polyad  atom  with  monad  atoms  as  so  many  centres  of  at- 
traction or  points  of  attachment,  and,  also,  as  so  many  affinities. 
Kekule  represents  a  monad  atom,  with  its  single  centre,  thus,0, 
while  the  symbols  (■  Q,  («  »  Q,  (»  .  -  Q,  &c.,  represent 
polyad  atoms  of  different  atomicities.  When  the  several  affini- 
ties are  satislied,  the  points  are  exchanged  for  lines  pointing 

in  the  direction  of  the  attached  atoms.     Thus,  the  symbol  ^y^ 

represents  a  dyad  atom  with  its  two  affinities  satisfied  by  two 

II 
monad  atoms,  as,  for  example,  in  a  molecule  of  water  H-O^H, 

In  like  manner  the  symbol     (]~p^y"p^^^  reprc- 


V     II 

sents  a  molecule  of  nitric  anhydride  N^O^,  and  the  symbol 
0  II  II  8  *  "molecule  of  sulphuric  anhydride  SO^  Mde- 
culca  L'ke  these,  in  which  all  the  affinities  are  satisfied,  are  said  to 
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or  doied,  while  the  atomic  group  ^0^,  represented 

f  U__!A L—  has  use  point   of  altraclion  atil!  open,  and, 

lereiore,  act«  fts  a  monad  radical.     So,  also,  the  molecular 


up  SOf  repreaentcd  by 


,  mn  an  a  dyad  radi- 


These  graphic  sj-mbola  enable  ui  to  illustrate  several  impor- 
Ut  priacipleJ  which  could  not  readily  be  understood  without 
eiraiii. 

Ftrwt.  In  tlie  examples  given  In  this  eection  thcu  far,  the 
OftotiTnlcnce  of  »  group  of  atoms  of  ihe  eame  element  ia 
|ual  to  the  sum  of  the  iju ant! valences  of  all  the  atoms  of  the 
VBp.  Tbas,  in  the  mok-cule  ^^Oi,  the  group  of  two  pentad 
onu  presents  ten  affinities,  and  is  saturated  by  the  group  of 
vo  dyad  atom;^  which  prcscuta  the  same  number  of  iLffinilJes 

mam.  So,  also,  in  tlie  molecule  SO3,  a  group  of  three 
ad  BtonLs  just  satiiratea  the  single  hexad  atom  S.  Such,  how- 
er,  is  not  neces^rily  the  case,  for  it  frequently  happens  that 
9  ElinUar  atoms  of  such  groups  ore  united  amoug  them- 
Ina,  and  that  a  porUon  of  the  affinities  (necessarily  always 

evoi  number)  are  thus  satisfied.  For  example,  although 
k  a  t«tnul  atom,  the  hydrocarbons,  Cjffa,  C-ifft,  and  Ciffj,  are 
.  aBlnmted  molecule^  as  is  shown  hy  the  following  graphic 


c,il,  r,M,  r,H, 

l4  it  b  evident  that  in  the  first  the  two  carhon  atoms  have 
leo  oniled  by  two,  in  the  second  by  four,  and  in  the  third  by 
tt  of  Ibeir  eight  uflinities,  while  a  corresponding  number  of 
jnK  to  which  hydrogen  atoms  might  otherwise  have  been  al- 
tbod  aro  thus  closed. 

Id  like  manner  wo  have  a  well-known  seriA  of  hydrocar- 
ia%  whoMC  symhiU  are 

CJf^  c^/r^  c,/f„  c,ff^  c^^  c^iTu,  &c, 

•  aoleoiltt  of  cnch  one  differing  from  that  of  tlio  last  by  the 
tnp  OHf,    In  all  theao  compounds  the  carbon  atoms  a£« 
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united  among  themselves  at  the  smallest  possible  nomber  of 
points,  as  is  shown,  in  a  single  case,  by  the  foUowiog  graphic 
symbol, 

and  by  constructing  the  graphic  symbols  of  the  other  members 
of  the  series,  it  will  be  easily  seen  that  the  number  of  afl^ities 
thus  closed  is  in  every  case  equal  to  2  n  —  2,  wUle  the  number 
remaining  open  is  4  n  —  (2  n  —  2)  =  2  n  +  2,  where  n 
stiinds  for  the  number  of  carbon  atoms  in  the  molecule.  Hence, 
while  the  groups  just  mentioned  form  saturated  molecules,  the 
atomic  groups 

CHs        C,H,        CHr        C,ff,        Cii^udbc, 

MethyL  EthyL  PropyL  ButyL  AmyL 

act  as  univalent  radicals.     The  graphic  symbol  of  ethyl  is 

n'ld -(lYi    11^ '  ^°^  ^^  *  similar  way  the  graphic  symbols  of 

the  other  radicals  may  be  easily  constructed.  In  like  manner 
may  be  also  constructed  the  graphic  symbols  of  the  following 
important  compound  radicals,  which  form  a  series  parallel  to 
the  first,  and  are  all  evidently  dyads :  — 

C,ir,        C,H,        C,H,        C,ff,o&c 

Ethylene.         Propylene.      Ba^lcne.  Amylene. 

Here  again  the  graphic  symbols  enable  us  to  explain  a  remark- 
able fact.  These  last  atomic  groups  act  not  only  as  compound 
radicals,  but  also  form  the  molecules  of  definite  hydrocarbons 
(the  first  in  the  series  being  the  well-known  olefiant  gas),  and 
the  difference  in  these  two  conditions  may  be  represented  to 
the  eye,  in  the  case  of  amylene,  for  example,  as  below :  — 


Badical  Ca^iQ. 

Hydrocarbon  CgiTj^. 

The  molecule  in  the  first  case  is  open,  and  presents  two  points 
of  attraction,  while  in  the  second  case  it  b  closed. 
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TIw;  members  of  llie  two  classes  of  Jij-drocarbon  radicals 
iiwntioni:)!  above  ore  tlie  characteristic  constituenta  of  uu 
porUint  cla^  of  compounds  called  alcohol^  and  hence  they 
■unally  called  alcohol  radJcaU.     If,  in  these  atomic  gronpa, 
snWlilute  0STg«D  for  a  ponion  of  the  hvdrogen,  one  atom  of 
oxj'gun  nlvny^  tuking  the  place  of  two  atoms  of  hydrogen 
obtain  EliU  otJier  series  of  radicals,  which  are  tbe  cfaaracieristic 
OonstituentB  of  several  ifflporlant  organic  acid.',  and  belong 
lite  elu^a  of  ucii]  radti^als,  which  will  be  defined  in  the  nest 
clia|iler.     Among  the  most  important  of  the  rudicaU  thas  de- 
rived are  tho»e  of  the  following  series:  — 


and  tlie  student  should  construct  the  graphic  symbol  of  each. 

The  comp<iiirid8  of  carbon  have  been  selected  lo  illuatrste 
tho  apparent  change  of  atomicity  which  frequently  occompa- 
lUCS  thu  grouping  together  of  similar  atoms,  because  this  ele- 
nent  is  peculiarly  sn8ee[itible  of  such  a  mode  of  combination, 
and  In  fact  the  almost  infmile  variety  of  its  compounds  may  be 
tnced  to  this  ciri'um stance.  The  same  phenomenon,  however, 
11  presented,  uhhough  to  a  lens  marked  degree,  by  other  ele- 
Bwnts.  I'hus  arisen  the  remarkable  fact  that  a  group  of  two 
aUuai  of  a  bivalent  element  has  nut  uufrequenlly  only  the  same 
qaaatival'-nce  us  a  single  atom.  For  example,  there  arc  two 
coopoundaof  mercury  and  chlorine  ^'(7it,  represented  graphi- 
-js  »ml  liig,2'Cli  represented  by  ^Yp^-  So  also 
Ou'O  and  [  Cu,]  =0.  We  al'^o  frequently  meet  with 
of  the  same  principle  in  an  important  class 
iif  tclnul  elements  whose  atoms  rendity  pair  logetlier,  furming 
M  Btoniic  group  whieb  ia  Gezivalent.  Thua  are  formed  ihe 
wcU-koown  compounds 


'"^M 


Vben  these  samo  elements  enter  into  combination  by  single 
1*1  they  arc  almost  invariably  bivalent,  and  thus  we  have, 

In  tt*«nl  cnaea,  two  very  distinct  classes  of  compounds,  the 
formed  with  the  single  and  the  other  with  iho  doublo  atom 

</ the  flletncDt ;  for  example. 
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Fe-Cl^  and  [Fe;\ia^        Fe-0  and  [Fe^lO,, 

It  will  be  noticed  that  although  in  the  compounds  of  the 
second  class  the  quantivalence  of  the  single  atoms  is  twice  as 
great  as  it  is  in  the  first,  yet  their  atom-fixing  power  is  only 
increased  by  one  half,  and  hence  the  name  of  ffx^t-oxides 
or  fe^^ui-chlorides,  &c.,  which  is  frequently  applied  to  them. 

In  order  to  distinguish  the  groups  of  similar  atoms  whose 
affinities  are  all  open,  from  those  groups  where  the  affinities  are 
in  part  closed  by  the  union  of  the  atoms  among  themselveS|  we 
may,  as  above,  enclose  the  symbols  of  the  last  in  brackets ;  and 
this  rule  will  generally  be  followed.  In  most  cases,  however, 
the  relations  of  the  parts  of  the  symbol  are  sufficiently  evident 
without  this  aid. 

Secondly.  The  graphic  symbols  illustrate  another  important 
theoretical  principle,  which,  although  almost  self-evident,  might 
be  overlooked  if  not  dwelt  upon  specially ;  namely,  that 
on  the  multivalence  of  one  or  more  of  its  atoms  depends  the 
integrity  of  every  complex  molecule.  According  to  our  pres- 
ent theories,  no  molecule  can  exist  as  an  integral  unit  unless  its 
parts  are  all  bound  together  by  such  atomic  clamps.  More- 
over, the  whole  virtue  of  a  compound  radical  consists  in  the 
circumstance  that  it  is  an  incomplete  structure  of  the  san\e  sort, 
and  its  quantivalence  is  in  every  case  equal  to  the  number  of 
univalent  atoms  (or  their  equivalents)  which  are  required  to 
complete  it,  or  which  it  may  be  regarded  as  having  lost. 
Hence  the  law  of  Wurtz  finds  a  perfect  expression  in  this  sys- 
tem of  gra})hic  notation. 

Thirdly.  The  graphic  symbols  illustrate  most  forcibly  the 
relations  of  the  parts  of  a  complex  molecule.  Thus,  for  ex- 
ample, t  he  symbols  of  alcohol  and  acetic  acid  given  below  show 
that  in  these  compounds  the  dominant 
atom  of  oxygen  acts  as  a  bond  uniting 
a  complex  radical  to  a  single  monad 
atom.  They  also  show  how  it  is 
possible  that  three  of  the  atoms  of 
hydrogen  in  acetic  acid  may  stand  in 
a  very  different  relation  to  the  mole- 
cule from  the  fourth  (31).  Again 
they  show  that  the  molecule  of  acetic 
acid  differs  from  that  of  alcohol  in  the  ^«^^^^ 


(lJ) 


/^.^ 


e 


M) 


0^ 


Alcohol. 
CgJJg-O-H. 
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Ua  that  one  djwA  atom  has  taken  Ilie  plnce  of  two  monad 
Blonta ;  and,  lastly,  they  give  form  to  tlie  idea  of  chemical 
types,  so  far  aa  it  has  any  real  significance.  When  the  com- 
poailion  of  a  (.-ouipoiind  is  represented  in  this  way,  all  the 
accidentnl  or  ttrbitrary  divisions  of  our  ordinary  nolatiou  dis^ 
appear,  and  only  those  are  preserved  which  are  fundamental. 
VTe  gain  thiia  more  accurate  conceptibos  of  molecular  struc- 
ture. We  uiidernland  better  the  relations  of  the  various  com- 
pounil  radicals  (compare  §  28),  and,  above  all,  we  thus  realizo 
tbc  fbU  meiuiing  of  the  lundamental  tenet  of  our  new  philoso- 
jitft  wbicli  holds  ttiai  each  chemical  molecule  is  a  completed 
ttnclure  hound  together  in  all  its  parts  by  a  system  of  mutual 
■Unctions 

Tliciv  is  another  system  of  graphic  symbols,  fret|uently  used 
1b  works  on  modem  chcmislry.  which  has  some  advantages 
I  one  just  described.  In  this  £y=tem  the  atoms  are 
,represeuled  by  small  circles  circumscribing  the  ordinary  eym- 
bot.  And  the  alowidly  is  indicated  by  dashes  radiating  from 
lltMo  circles.  A  few  examples  will  sulficiently  illustrate  the 
^plication  of  this  method. 

®    ®  ®    ® 

®-®-®       ®-©-©-®-®       ®-©-©-®-@ 

b^^'h  ®  ®  ®^,  ■ 

It  is  obvious,  however,  that  the  circles  here  used  are  not  es- 
tPBtial,  and  If  we  omit  them,  and  only  use  dashes  between  the 
'  ominant  atoms,  and  also,  for  convenience  in  priming,  bring  the 
rliolc  expression  into  a  linear  form,  using  commas  to  separate 
diswrnncctcd  atoms,  and  such  other  signs  as  may  be  necessary  to 
iTOid  ambiguity,  we  have  at  once  the  ordinary  system  of  nola- 
I  Adopted  in  this  book.  The  graphic  symbol*  last  described 
_- ,  merely  an  expansion  of  this  system.  Nevertheless,  the  prac- 
tice of  developing  the  ordinary  symbols  into  either  of  the  more 
gnpUe  forms  will  tend  to  impress  the  full  meaning  of  iha 
itMiU  OD  the  mind  of  Uie  student,  and  will  thus  greatly  aid 
aatturiDg  a  clear  conception  of  the  theory  of  modem 
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We  may,  however,  extend  the  use  of  dashes  so  as  to  indicate 
the  relations  of  all  the  parts  of  a  complex  molecule  by  our  or- 
dinary notation.    Thus  we  may  write  the  symbol  of  alcohol 

{iC-C]iff,)-0-ff, 
or  that  of  acetic  acid 

([C-(7]iir^O)-0-J7, 

and  these  expanded  symbols  may  frequently  be  used  to  ad- 
vantage in  place  of  the  graphic  forms.  When  thus  developed, 
the  symbol  indicates  the  quantivalence  of  each  of  the  atoms  of 
the  molecule,  and  in  every  case,  if  the  symbol  is  correctly 
written,  the  number  of  dashes,  will  be  one  half  of  the  total 
quantivalence  of  all  the  atoms  which  are  thus  grouped  together, 
for  each  dash  evidently  represents  two  affinities. 

The  remarks  at  the  close  of  the  last  section  apply,  of  course, 
still  more  forcibly  to  such  bold  and  material  conceptions  as 
these  graphic  symbols  appear  to  represent,  and  when  we  re- 
call the  hooked  atoms  of  an  elder  philosophy,  we  cannot  but 
smile  to  think  how  closely  our  modern  science  has  reproduced 
what  we  once  considered  as  strange  and  grotesque  fancies.  But, 
absurd  as  such  conceptions  certainly  would  be,  if  we  supposed 
them  realized  in  the  concrete  forms  which  our  diagrams  em- 
body, yet,  when  regarded  as  aids  to  tlie  attainment  of  general 
truths,  which  in  their  essence  are  still  incomprehensible,  even 
these  crude  and  mechanical  ideals  have  the  very  greatest  value, 
and  cannot  well  be  dispensed  with  in  the  study  of  science. 


Questions  and  Problems, 

1.  To  what  types  may  the  following  symbols  be  referred,  and  what 
is  the  quantivalence  of  the  different  compound  radicals  here  distin- 
guished ?  Study  with  the  same  view  the  symbols  already  given  in 
the  previous  chapter. 


Benxole. 


H-(C,ff,0) 

Oil  of  Bitter  Almondf. 


ff-O-iCH,)     H-0-{C,H,0) 

Fhenlc  Acid.  Benzoic  Acid. 

Aniline. 
Ethylaxe  dkmine. 


an,      Rf0.r{c^H,o) 

Ethyltioe.  GlycoIUc  Acid. 

H,r  Oii  a,H,)    Kr  a=(  q,  o^ 

Glycol.  Oxalic  Acid. 

H,H.{C,H,0)-^N 

Benzamide. 
Oxamide. 
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H,  H'N-{  O^t  OyOH  B,  H'N-{  C,  O^Y  OH 

OIjeoooL  Ozamie  Add. 

H,  (  CH^  0)-N-{  CtH^  Oy  OH      H,  H-N-{  Cj  0,)-  0-{  C^H,) 

Ulpporie  Acid.  OxamettuQie. 

2.  Analyze  the  following  reactions,  and  show  that  by  comparing 
the  reactions  in  each  group,  the  typical  structure  of  the  various 
compounds  may  be  inferred. 

CI- CI        +        H-H       =        HCl        +        HCl 

Chlorine  (as.  Hydrogen  fn.  Hydrochloric  Add.        Ilydrodilorio  Acid. 

Cl-Cl      +    (CjH,0)-ff  =   {CjH.OyCl  +    BCl 

Oil  of  Bitter  Abnonds.  Benzoyl  Chloride. 


HCl      +      K-O-H  =       KCl      +  H-O'H 

Fbtaidc  HydnUA.                  Potaaiic  Chloride.  Water. 

HCl    +    (CM- OH  =    (C,H,)-Cl    +  B-O'ff 

AlcohoL  Ethylic  Chloride. 


JI.HS  +    FWh   =  PWl^S   +  HCl  +  HCl 

Salphohydric  Add.    Fhocphoric  Chloride. 

H,(C,ff,OyS  +  PiCl,  =  PWlt,S+  (C,E,0)-Ol  +  HOI 

Thiacetic  Add.  Acetyl  Chloride. 


KfO.'Hi  +  (CO),  HN  =  KfOi(CO)  +  H,  H.  HN 

Potatsic  tlydrate.  Cyanic  Add.  Potasslc  Carbonate.  Ammonia. 

A-/  0/^2 + ( c  0).  ( c^n,y-N=  Kf  0/(  CO) + iz:  //,  ( cH^ynr 

Cyanic  Ether.  Ethylamine. 

3.  What  would  be  the  symbols  of  cyanic  acid  and  cyanic  ether  (see 
last  problem),  on  the  supposition  that  they  contain  the  radical  cyan- 
ogen, and  are  formed  after  the  water  type  ?  Is  the  following  reaction 
compatible  with  that  last  given  ? 

K-O-H -\-  (C,H,)-0-{CN)  =  (C,H,)-0-H+  K-O-(CN)} 

Cyanetholine.  Alcohol.  Potossic  Cyanate. 

and  if  not,  what  conclusion  must  you  draw  in  regard  to  the  two 
compounds  cyanic  ether  and  cyanetholine  ? 

4.  What  bearing  have  the  phenomena  of  substitution  on  the  doc- 
trine of  chemical  types  ?    Does  the  circumstance  that  the  proper- 

1  Tliis  product  in  the  actual  process  is  decomposed  by  the  excess  of  potash 
i::tt*  pot:is-^ic  carbonate  and  ammonia. 
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tics  of  the  substitution  products  are  frequently  quite  different  from 
those  of  tlie  original  substance  invalidate  the  doctrine  ? 

5.  How  does  the  action  of  chlorine  on  acetic  acid  indicate  that 
this  com])ound  is  fashioned  after  a  determinate  type  ?  On  what 
particular  fact  does  tliis  evidence  chiefly  rest  ? 

6.  What  bearinfr  have  the  phenomena  of  isomorphism  on  the  doc- 
trine of  types  V  Enforce  the  argument  by  some  familiar  illustra- 
tion. 

7.  Tlie  radical  allyl  C^H^  is  univalent  in  oil  of  garlic  {CJI^^S^ 
and  in  allylic  alcohol  (CJf^)-0-Hy  but  trivalent  in  glycerine 
{C^H^yO^-II^.  Moreover,  this  radical  when  set  free  doubles,  forming 
a  volatile  hydrocarbon  oil,  which  has  the  composition  (C,f/^)^(C,//J, 
and  which  combines  directly  with  bromine,  the  resulting  product  bar- 
ing the  symbol  (C,//3)-(C,//j)=/?r^.  Keprcsent  these  symbols  by  the 
graphic  method,  and  thus  explain  the  different  relations  of  the 
radical. 

8.  Represent  the  symbols  of  phenic  acid  and  Ijenzoic  acid  by  the 
second  graphic  method,  and  explain  why  the  radical  phenyl  (C,//j) 
and  benzoyl  {C-JI.O)  are  only  univalent. 

9.  Why  is  it  that  the  addition  of  the  atoms  CII^  docs  not  change 
the  atomicity  of  a  radical  ? 

10.  "Wbat  is  tlie  quantivalence  o^  Al  in  the  symbol  [/1/--4Z]|C^? 
Is.  there  any  difierence  in  the  quantivalence  of  Fe  in  the  two  com- 
pounds Fc-(hCO  and  [/•VFe]:0^(6'0,),V  Answer  the  questions  by 
the  aid  of  graphic  symbols. 

11.  Is  there  any  difTeronce  in  the  quantivalence  of  nitrogen  in 
potassic  nitrite  K-O-NO  and  potassic  nitrate  A'-O-.VO,? 

12.  Represent  by  graphic  symbols  the  difference  between  cyanic 
ether  and  cyanetholine  (sec  problems  2  and  3  above). 

13.  The  symbol  [/^/jin,  represents  a  single  molecule,  while 
NdiCh  represents  two  niole(!ules,  and  would  be  more  properly  writ- 
ten 2JS\iCL     What  is  the  dillerence  in  the  two  cases  V 

14.  Represent  by  the  graphic  method  the  sj-mbols  of  potassic  car- 
bonate 7v>(V(C0)  and  poUissic  oxalate  K^^0^-(^C\02)y  and  show 
that  both  form  a  i>erfeet  molecular  unit 

15.  Represent  by  the  graphic  method  the  following  symbols ; 

//.=  0/(  C,Il,)         (Propyl  Glycol.)  ;  ■ 
II/0.f{  C:^i 0)     (Lactic  Acid.)  ; 
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EcOi{CAOii    (Malonic  Acid) ; 

^«"0,-(CsOa)        (Unknown), 

and  tlrns  show  that  they  are  formed  after  the  same  tjpe. 

16.  What  is  the  atom-fixing  power  or  quantivalcnce  of  the  ele- 
ments and  radicals,  which  appear  in  the  various  symbols  given  in 
this  chapter  ?  Develop  these  symbols,  and  show  that  they  repre- 
sent in  each  case  a  single  perfect  molecule. 

N.  B.  The  stndent  should  practice  developing  the  ordinaiy  mole- 
cular symbols  into  the  graphic  forms  described  above,  until  he  is  per^ 
fectly  familiar  with  the  method,  and  has  acquired  a  clear  conception 
of  the  different  types  of  molecular  structure. 


CHAPTER  IX.* 

BASES,   ACIDS,    AND    SALTS. 

85.  Hydrates^  Alkalies,  Bases,  —  It  is  not  unfreqnentlj  the 
case  that  the  technical  terms  of  a  science  remain  in  use  long 
after  they  have  lost  their  original  meaning.  This  is  peculiarlj 
true  of  those  which  we  have  placed  at  the  head  of  this  section. 
They  have,  with  the  exception  of  the  first,  come  down  to  us 
from  the  period  of  alchemy,  and  are  still  retained  in  the  lan- 
guage of  trade  and  in  many  works  on  practical  science,  with  a 
peculiar  meaning  which  they  have  acquired  during  the  last 
hundred  years  under  the  teaching  of  the  dualistic  theory. 
Since  they,  in  many  cases  at  least,  suggest  erroneous  concep- 
tions in  regard  to  the  constitution  of  chemical  compounds,  it 
would  be  well  if  they  could  be  discarded  altogether ;  but,  as 
this  is  impracticable,  we  must  endeavor  to  give  to  them  as 
definite  a  meaning  as  possible. 

The  term  "  hydrate  "  is  applied  to  a  class  of  compounds  which 
were  formerly  supposed  to  contain  water  as  such,  but  which  are 
now  believed  to  have  no  closer  relation  to  water  than  is  indi- 
cated by  the  circumstance  that  they  have  the  same  type,  and 
may  be  formed  from  water  by  replacing  one  of  its  hydrogen 
atoms  with  some  metal.  Thus,  by  acting  on  water  with  potas- 
sium, we  obtain  potassic  hydrate ;  or,  if  wo  use  sodium,  we  ob- 
tain sodic  hydrate. 

2//-0-//+  K'K=2K-0'H  +  H-U 

WaUT.  rotoHium.       FotoMic  Uydrate.    Uydrogon  Ou. 

[42] 
Ill-O-n -i^  Nn-Na  =  2  Na-O-H  +  HH 

Water.  Sodium.  Sodic  llydtstc.        Uydrogen  Gm. 

Both  of  these  hydrates,  and  also  those  of  the  very  rare  but 
closely  allied  metals,  lithium,  caesium,  and  rubidium,  are  veiy 

1  In  studying  this  chapter  the  Ptudcnt  should  endeavor  to  remember  the 
names  and  symbols  of  the  difTercnt  compounds  mentioned.  Hitherto  ve 
have  been  chiefly  employed  with  the  forms  of  the  8\'mbols,  and  this  exercise 
of  the  memory  1ms  not  been  expected. 
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IsUc  in  wa1er,*liil  yield  solutions  wbich  corrode  the  skin,  and 
ivert  the  ttils  into  tioapa.  To  ail  tlie  substances  known  to 
possessed  ttit^se  caustic  qualities  llio  alchemists 
le  of  atlalics,  and  this  lenn  is  now  applied  to  the 
les  JDBl  enumernted.  The  first  two  of  these  are 
prodactfi.  and  have  importiuit  npplicalioD9  in  l)ie 
H;  They  all  difTiir  from  the  hydrniea  of  other  metals  in  ihat 
ej  eanuai  be  defoniposed  by  heat  alone. 
Again,  if  wc  act  on  water  with  cakiutn  or  magnesiutn,  we 
sua  calcic  or  magtieEic  hydrate  ;  but  ihe  double  atom  of 
tier  b  then  decompos^  by  these  bivalent  metak. 

u^o.^n^  +  a<,  =  Ca--OfH^  +  nu 

V>lat.  Calcium.  CaloJe  llvdnU.         Dvdnwn  Ou. 

[«] 
UfOfll,  +  Ms  =  UgOi-n.  +  H-H 

WilR,  HifDHlj.n,      Mignulc  UjlnU.      HldiDgia  Qu, 

These  two  hydrate?,  as  well  as  those  of  ibe  allied  metals, 
irium  and  atrontium,  ahhough  much  less  eoluble  in  water 
■n  the  alkalies,  Mill  dissolve  in  this  common  solvent  to  a 
extent,  and  manifest  decided  caustic  qualities.  ^Vhen 
tliey  have  an  earthy  appearance,  and  hence  are  frequently 
Its  llie  alkaline  earths.  They  also  differ  from  the  true 
in  the  fact  that  they  are  readily  decomposed  by  heat  \ 
d  ainoe  they  are  then  resolved  into  water  and  a  metallic 
:ide,  as  the  following  reaction  shows,  the  opinion  formerly 
ileitained  in  regard  (o  llieir  composition  was  not  unnatural. 

%=(?/ff,  =  MgO  +  B,0  [44] 

Moreover,  when  the  anhydrous  oxides  ore  mixed  wiih  water, 
ty  enter  into  direct  union  with  a  portion  of  the  liquid.  This 
nibtnation  is  usually  attended  with  the  evolution  of  great 
■t,  and  the  process  \i  known  as  slaking. 

CaO  +  /r,0  =  CteO^'Hf  [45] 

Tben  are  many  other  metallic  hydrates  which  are  still  more 
idily  decomposed  by  hcaL  These,  as  a  rule,  cannot  be 
rraed  by  the  dirirat  anion  of  the  corre^onding  metallic  oxide 
id  inueTt  but  tnny  lie  ubtuined  t>y  adiling  to  a  solution  of 
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a  salt  of  the  metal  one  of  the  soluble  hydrates  mentioned 
above.     Thus,  — 

(CuCl,+  2J^a-0-II+Aq)  =  (Gu-0.fn,  +  2NaCl'{-Aq) 

Cupric  Chloride.  Cupric  Uydimte.     Sodlo  Ghlorid«. 

[46] 
(ZnCl,  +  2K-0-II+Aq)  =  (Zri'O/E.  +  2Ka -\- Aq) 

Zinuic  Chloride.  Zlncic  nydrate.       Potasdo  Chlnriiln. 

(\Fe,]Cle^8Ba-0./Hr\-Aq)={lFeJW,^H^3BaC/^-\-Aq) 

.  Feme  Chloride.  Ferric  Hydrate.       Baric  Chloride. 

The  hydrates  are  regarded  by  some  chemists  as  compounds 
of  the  metal  with  the  compound  radital  hydroxyl,  and  their 
symbols  are  then  written  after  a  simpler  type,  thus, — 

Ca-(ffO),  Fe-(HO),  {pr^J{HO\ 

Calcic  llydnte.  Ferroui  Hydrate.  Chromk  Hydraie. 

Amjnonia,  —  Closely  allied  to  these  metallic  hydrates  is  a 
very  remarkable  compound,  formed  by  dissolving  ammonia 
gas,  iV7/j,  in  water.  Although  the  product  resembles,  in  many 
of  its  physical  relations,  a  simple  solution  of  gas  in  water,  yet 
the  compound  in  all  its  chemical  reLations  acts  like  a  metallic 
hydrate, 

NH^     +      KG     =     NH,-0-H 

Ammonia  Gaf.  Water.  Ainmouic  Ilydiato. 

which  has  led  chemists  to  write  its  symbol  after  the  type  of 

water,  and  to  assume  the  existence  of  a  univalent  compound 

I 
radical  JV//4,  to  which  has  been  given  the  name  of  ammonium. 

Metallic   Oxides  or  Basic  Anhydrides, —  Closely  allied  to 

the  metallic  hydrates,  in  the  relation  we  are  now  considering, 

are  many  of  the  simple  compounds  of  the  metals  with  oxygen 

which  are  called  in  general  metallic  oxides.     Such  compounds 

as 

Ca-0        Ba-0        Ph-0        Fe-0         Chi-0        Ag.rO 

Oalcic  Oxide.     Boric  Oxide.    Plumbic  Oxide.  Ferroui  Oxide.  Cupric  Oxide.  Argendc  O^de. 

may  be  regarded  as  formed  from  one  or  more  molecules  of  water, 
by  replacing  all  the  atoms  of  hydrogen  with  those  of  some  metal; 
and  these  oxides  as  well  as  the  hydrates  before  mentioned  are 
frequently  classed  together  under  the  common  title  of  ham^ 
although  it  would  be  best  to  confine  this  term  to  the  metallio 
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alone,  and  to  distinguish  the  baiic  oxides  as  boMi'c 
Aytridti.     (37) 

ijaltt.  -~  The  alotns  of  Lydrogen  Etill  remaining  in  a  metiillic 
itc  mn;  be  replnceil  wiih  tlie  atoms  of  a  well-defined  class 
r  non-nK-lallic  elements  and  compound  radicals;  and,  for  a 
MEoa  whidi  will  sooD  appear,  the  replacing  atoms  aro  calU'd 
H  or  Di'guiive  radicaln.' 
Fnxn  liiis  replacement  results  a  new  class  of  compounds  we 
lit  $tUU.     Thus,  — 

KO-ff  gWesK'0-a.     olso  K-ONO^  and  K-0[C,H,0) 
O»'0,=ff,  gives    Ca-O/SO,    Co^0,^CO    Ca-0.r{C^H.,0)., 

C*u>Ilf4iIM.  UMd  »iil[>li>H.     Oalclc  Cvtnuli-  C*ldo  AnBOi. 

86.  Aeidt. —  Opposed   in   chemical   properties   to' the  so- 

baKs   is  another  very  important  class  of  compouuds 

aridt.     Tliey  derive  their  name  from  the  fact  ihat  ihey 

generally  soluble  in  water  and  have  a  sh.irp  or  sour  laele, 

igh  there  are  many  exceptions  lo  the  rule.     Like  the 

ves,  lliey  all  contain  hydrogen ;   but  this  hydrogen  can  no 

Rgrr  bo  replaced  by  non'metallic  elements  or  ni-<^ntLVe  radi- 

la,  bot  only  by  metallic  elements  and  positive  radit-ats,  and  it 

herein  that  the  chief  distinction  lies.     Moreover,  ibe  oppo^i- 

pa  of  these  two  classei  of  compounds  also  appears  in  the  fact 

'  M,  while  in  bases  the  replaceable  hydrogen  aioms  are  united 

s  nKtallic  atom  or  positive  radical,  which  for  ibis  reunion  we 

[oently  coll  a  basic  radical,  in  the  acids,  on  the  oiht^r  band, 

Tlic  "nr^l  n.lii-.'i'.  «»  tMoH  in  cliemWrj-,  stands  Pjrimy  nloin  cr  KiMup  of 

■  i^if  moment,  regnrdcd  as  the  prinpiiml  tonatitiionl  of  Iho 

'  i-^pinpoiujil.  Bud  whicli  does  not  Iobu  lis  iulegriTy  In  tho 

I'  lium  to  wlilcti  the  nubitance  It  Ilnble.    The  Jieiinc- 

:iiil  iieM  nilllcKl*farpo9itiT«Mid  negnliveradlciili  u  Ihey 

III.,  .^ollrd)  will  becoma  cloarM  we  odvnnco.    It  is  suffiiilni.t 

J  aciuo  ihHit,  although  theu  tonni  Impli'  aa  DfjiatUion  nf  rtln- 

^  A\(ttmKo  at  quiiUlitt,  jvt,  t  n  grnora)  rule,Thi'  mxlullle 

rsiliul*,  wliUe  th«  non-melnUio  Htoins  nre  Kciil  ndioiJs. 

,'b<KliI«d,UiBliinongcoi)ipaaDd  radlciUa  thiM«  consli-tliut  of 

tkfdrqgen  iIodc  am  uaunlly  basic,  ind  IhuMi  Euntniiting  ill>i>  uiy- 

" "  *  ■  1  iiul,  forlhor,  rhot  of  Ibc  two  m<«t  importuit  nuliral"  con- 

■antHnlnm  (.VA,)  ii  linoiiglj  bi>tc,  nnd  cyuiof.-<>ii  ( Cf/)  m 

Id  Olif  txKik,  A-ilh  fpw  exdcpllonn,  the  buio  nuDcnl*  ira 

I  Ihs  led-hiiud,  juiit  tlio  nclJ  nuUunlt  <ui  Iliu  riglit-tuud  tif!» 
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« 
these  same  hydrogen  atoms  are  united  as  a  rale  to  a  non- 
metallic  atom  or  negative  radical,  frequently,  also,  called  as 
above  an  acid  radical  In  most  cases  there  is  a  vinculum 
which  unites  the  two  parts  of  the  molecule ;  and  both  in  acidt 
and  in  bases  this  vinculum  consists  usually  of  one  or  more 
oxygen  atoms,  although  in  a  large  class  of  acids  the  hydrogen 
atoms  are  united  directly  to  the  radical  without  any  such  con- 
nection.  The  acids  of  this  class  have  by  far  the  simplest 
constitution  ;  and  we  will  give  examples  of  these  first,  adding 
in  each  case  a  reaction  to  illustrate  the  acid  relations  of  the 
compound.  In  studying  these  reactions,  it  must  be  borne  in 
mind  that  the  evidence  of  acidity  is  in  each  case  to  be  found  in 
the  fact  that  one  or  more  of  the  hydrogen  atoms  of  the  com- 
pound may  be  replaced  by  positive  radicals  or  metallic  atoms. 
This  replacement  may  be  obtained  in  one  of  four  ways,  —  by 
acting  on  the  acid,  either  with  the  metal  itself,  or  with  a  metallic 
oxide,  or  with  a  metallic  base,  or  with  a  metallic  salt. 

(2//C/  +  Arf)  +  NaNa  =  (2  Na  a -{- Aq)  +  JE-JE 

llydrochloric  Acid.  Sodium.  Sodlc  Chloride. 

(21101 +  Ag)  -\-  ZnO   =    (ZtiCI,  +   JI.,0 -{- Aq) 

Zlncic  Oxide.       Zinclc  Chloride. 

[47] 
(TIBr    +    K-O-H  -\-  Aq)  =  {KBr  +  H^O-\-Aq) 

nydrobnitnic  Acid.    Fotassic  Hydrate.  Fotaisic  Bromide. 

(///+  Ag-0-NO.,'\'Aq)=  AgT  +  {ir-0-NO.-\- Aq) 

nydriodic  Acid.    Argentic  Nitrate.  Argentic  Iodide.  Nitric  Acid. 

We  will  next  pive  examples  of  more  complex  acids,  in  which 
the  two  parts  of  the  molecule  are  united  by  a  vinculum  of  oxy- 
gen atoms. 

(H-0-(CJT,0)  +  Xn-0-n+Aq}=  (AVO-(C,^,0)  +  //,  0+  Aq) 

Acotlc  Acid.  Sodic  Uydratc.  Sodic  Acetate. 

(TL^O.^SO  +  Aq)  +  CuO   =    (Cu=0,rSO.  4-  II fi  +  Aq) 

Sulphuric  Acid.  Cupric  Uzide.        Cuprlc  Sulphate. 

(Il;^0=PO  +   ^K-O-n  +  Aq)  =   (K^O^PO-^-^nfi-^Aq) 

Fhovphoric  Acid.       Putauic  Hydrate.  Potassic  Fhofphate. 

Such  acids  as  these  are  called  oxygen  acids.     Like  the 
hydrates,  they  may  be  regarded  as  compounds  of  hydroxyl» 

hut  with  ncirative  instead  o^l!O^Ilivc  nidiails,  thus:  — 
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HO-NO,  (//0),'SO,  (ffO)rPO. 

mode  of  writing  llie  symbols  is  not  only  frequently  con- 
micnl,  lul  has  been  of  real  value  by  bringing  out  unex- 
"  iropnrtiint  relndons.  It  does  not,  however,  inilicate 
ly  funilua)«n[al  differunce  of  opinion  in  regard  to  the  consti- 
ition  of  these  hydrates,  nnd  this  at  once  appeara  when  the 
inbok  are  pni  into  the  graphic  form. 
When  an  acid,  like  ac«lic  acid,  contains  but  o 
vgea,  wliicU  is  replaceaUle  by  a  metallic  aton 
dJcal,  it  is  called  raoDobaaic ;  when,  like  sulpbuHt 
Ibi  two  tuch  hydrogen  atoms,  it  is  called  dibasic 
UNphoric  aiod,  it  contains  three,  it  ia  tribasie,  &c,  Moreove 
W  evidence  of  tliia  difference  of  basicity  i^  found  in  the  fact 
at  whereas  a  monobasic  acid  can  only  form  one  ^alt  with  a 
linlent  radical,  a  dibasic  add  can  form  two,  and  a  triboaic 
ree.  Tbiie,  while  ne  have  only  one  Bodic  nitrate,  tbere  are 
V  sodic  sulpliatea  and  three  sodic  phosphates. 


e  atom  of  liy> 
or  a  positive 


I,  like 


HNnfOfPn 


Na^O^PO 


[48] 


There  is  however,  but  one  ealdc  sulphate,  for,  since  the  cal- 
mn  alonu  aro  bivalent,  a  single  one  is  sulKcienl  to  replace 
ith  of  the  hydrogtn  atoms  in  the  acid. 

87.  Aeid  AnfiydriJes.  —  Besides  the  acids  properly  so  cnlltxl, 
all  of  which  cunlain  hydrogen,  there  la  another  class  of  com- 
jpnattU  which  bear  the  tame  relation  to  the  true  acids  which  the 
leiollic  oxides  bear  to  the  true  bases.  To  avoid  confusion, com- 
Dunda  of  this  class  have  been  distinguished  as  anhydrtdet}  and 
kty  Bwy  1«  regarded  na  one  or  more  molecules  of  water  in 
'Ueli  all  the  hydrogm  has  been  replaced  by  negative  or  acid 
idinh.  As  among  the  most  important  of  these  we  may 
Btnnenuo  Sulphuric  AuU^dride  SOfO  or  S0„  :Niiric  Auhy- 


Ifnn  inveittiy  adJ  anhylrida,  hat  lU  tlio  liulc  onhyilrj-lci 
d  timfif  matalUv  lULlibi,  Uiu  qtuUrj-lng  torm  u  seldom  kddw 
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dride  {NOiYfO  or  NiO^,  Carbonic  Anhydride  OO'O  or  COf, 

I 
Phosphoric  Anhydride  {PO.^^0  or  P2O5,  and  Silicic  Anhy- 

IV 

dridc  Si^O^  Most  of  the  anhydrides  unite  directly  with 
water  to  form  acid:<,  and  several  of  the  acids,  when  heated, 
give  off  water  and  are  resolved  into  anhydrides.  [Compare 
44  and  45.1 


[49] 


3//,0    +    P.,0,  =  2H^0tP0 

SiUuic  Add.     Silicic  Anhydrids. 
Boric  Acid.  Boric  Anhydride. 

Moreover  in  many  cases  these  anhydrides  will  combine  di- 
rectly with  tlie  metallic  oxides  to  Ibrm  salts ;  and  the  reac- 
tions are  best  indicated  by  a  rational  formula,  which  repre^ents 
the  oxide  and  anhydride  as  radicals  in  the  resulting  compound. 
Thus,  baric  oxide  bums  in  the  vapor  of  sulj)liuric  anhydride, 
yielding  baric  sulphate ;  and  lime  also  unites  directly  witli  the 
same  anhydride,  although  with  less  energy,  forming  calcic  sul- 
phate. 

BaO  +  SO^=z  BaO,  SO^  and  CaO  +  SO^  =  CaO,  SO^ 

We  are  thus  led  to  the  old  formulaj  of  the  dualistic  system, 
according  to  which  the  metallic  oxides  were  the  only  true 
ba>es,  the  anliydi-ides  were  the  only  true  acids,  and  the  two 
were  regarded  as  paired  in  all  true  salts.  But,  although  in 
its  modern  theories  our  science  has  fortunately  left  the  ruts  to 
which  the  dualistic  ideiis  for  so  long  limited  its  progress,  yet  it 
must  be  remembered,  that,  according  to  our  present  definitions, 
these  dualistic  formulie  are  perfectly  legitimate,  and  still  give 
the  simi)lest  exposition  of  a  large  number  of  important  facts. 

38.  Salts. — The  definition  of  the  term  "salt "  has  been  clearly 
implied  in  the  definitions  of  "  base  "  and  '*  acid  "  already  given. 
It  is  any  acid  in  which  one  or  more  atoms  of  hydrogen  have 
been  replaced  with  metalHc  atoms  or  basic  radicals;  it  is  any 
base  in  which  the  hydrogen  atoms  have  been  more  or  less  re- 
placed  by  non-metallic  atoms  or  acid  radicals ;  or  it  may  be  the 
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product  of  the  direct  union  of  a  metallic  oxide  and  an  anhy- 
dride. A  neutral  salt  is,  properly  speaking,  one  in  which  all 
the  hydrogen  atoms,  whether  of  base  or  acid,  have  been  re- 
placed as  just  stated.  A  basic  salt  is  one  in  which  one  or 
more  of  the  hydrogen  atoms  of  the  ba>:e  remain  undisturbed, 
and  therefore  still  capable  of.  replacement  by  acid  radicals.  An 
acid  salt  is  one  in  which  one  or  more  of  the  hydrogen  atoms  of 
the  acid  renijiin  undisturbed,  and  therefore  capable  of  replace- 
ment by  basic  radicals. 

But,  besides  the  basic  and  acid  salts,  which  come  under  these 
definitions,  there  are  also  others  which  can  be  most  simply  de- 
nned as  consisting  of  several  atoms  of  the  metallic  oxide  to  one 
of  anhydride,  or  of  several  atoms  of  anhydride  to  one  of  the 
metallic  oxide. 

As  an  example  of  acid  salts  of  the  second  class  we  have,  be- 
sides the  two  sodic  sulphates  mentioned  on  page  85,  also  a 
third,  which  may  be  written  Na^0,2S0^,  This  is  easily  ob- 
tained by  simply  heating  the  acid  sulphate. 

2(//,  Na-O/SO,)  =  Na.A  ^SO^  +  Sl/D  [50] 

Add  Sodic  Sulphate.  Sodic  UiauliJliate.  Water. 

If  heated  to  a  still  higher  temperature,  one  atom  of  the  anhy- 
dride is  set  free,  and  the  salt  falls  back  into  the  neutral  sul- 
pliate. 

Na^O,  2S0,  =  Na.,0,SOs    +    S®., 

Bisulphate.  Keatnd  Sulpliate.  Anhydfide. 

This  reaction  justifies  the  duahstic  form  given  to  the  symbol ; 
but  other  relations  of  the  bisulphate  may  be  better  expressed 
by  the  following  typical  formula,  — 

Na.fO./iSO.fO'SO,)    =    NafOfSO^    +     SO, 

Sodic  Biauipliate.  Neutral  Sulpliatc.  Anhydride. 

in  which  a  group  of  two  atoms  of  SO^t  soldered  together  by 
one  atom  of  oxygen,  acts  as  a  bivalent  radical. 

As  an  example  of  a  basic  salt  of  the  second  class  wo  have, 
in  addition  to  the  two  plumbic  acetates  of  the  normal  type, 

Pb'  0,-(  Ci^3  0),         and         Pb'  0/(  O^ffn  0),  H 

~ ibto  AaitiH.  BMie  FUubMa  AMtaH. 
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a  third  salt  containing  three  times  as  much  lead,  — 

•  

{Ph'O-Ph-  O'Pb) = 0/(  Ci^3  0)»  [51] 

Triplurabic  Acetate. 

in  which  a  group  of  three  atoms  of  lead,  soldered  together  by 
two  atoms  of  oxygen,  acts  as  a  bivalent  radical.  It  is  evident 
that,  theoretically,  any  number  of  multivalent  radicals  might  be 
united  in  this  way,  and  also  that  the  complex  radical  thus 
formed  will  have  a  quantivalence  easily  determined  by  esti- 
mating the  number  (f  bonds  which  remain  unsatisfied;  but, 
practically,  the  grouping  cannot  be  carried  to  a  very  great  ex- 
tent, for  the  stability  of  the  radical  diminishes  with  its  com- 
plexity, and  a  condition  is  soon  reached  when  it  can  no  longer 
sustain,  if  we  may  so  express  it,  its  own  weight.  Moreover, 
while  some  radicals,  like  the  atoms  of  lead,  copper,  mercury, 
and  iron,  are  prone  to  group  themselves  in  this  way,  the  larger 
number  show  but  little  tendency  to  this  mode  of  union. 

The  symbols  of  these  acetates  may  also  be  written  on  the 
dualistic  type,  which  represents  them  as  compounds  of  plumbic 
oxide,  PbOy  and  acetic  anhydride,  C^H^O^     We  have,  then, — 

PhO,  CJhO^        and        ZPhO.  CJl,0^  [52] 

Neutral  Runibic  Acetate.  Triplumbic  Acetate. 

and  we  may  thus  best  illustrate  the  important  fact  that  the 
second  compound  is  prepared  by  combining  with  the  fii*st  an 
additional  quantity  of  plumbic  oxide. 

It  will  appear  on  reviewing  the  symbols  of  the  acids,  bases, 
and  salts  given  in  this  section,  that,  in  by  far  the  greater  num- 
ber, the  two  parts  of  the  molecule  are  held  together  by  one  or 
more  atoms  of  oxygen,  which  act  as  a  vinculum.  Such  com- 
pounds are  called  oxygen  salts,  using  the  word  salt,  as  is  fre- 
quently done,  to  stand  for  acids  and  bases,  as  well  as  for  the 
true  metallic  salts;  and  in  fact  they  all  belong  to  the  same 
type  of  chemical  compounds.  Since  oxygen  plays  so  impor- 
tant a  part  in  terrestrial  nature,  we  might  well  expect  that 
these  oxygen  compounds  would  hold  a  very  conspJcuous  place 
in  our  chemical  science,  —  and  such  is  indeed  the  fact.  Dur- 
ing the  dualistic  period  the  study  of  chemistry  was  almost 
wholly  confined  to  the  oxygen  compounds,  and,  even  now, 
they  occupy  by  far  the  largest  share  of  a  chemist's  attention. 
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Tbiiire  is,  bowever,  anotlier  element,  nnmi-Ij,  sulphur,  whicli 
I  M  cnpotilv  uf  TiUiiig  the  place  occupied  bjr  oxygen  in  iu:iny 
I  of  iu  compouDil^  and  ibos  may  be  foromd  a  diiitiiii:!  ulana  of 
I  bodies  wiiidi  are  called  sulpliur  aalts.  These  eompouiiils  are 
I  not  neorlj'  no  uutDerous  ii^  the  oxygen  salt^,  and  have  not  been 
l-to  well  stuilicil,  so  llial  a  few  exaiiipl(!i>  will  be  sufficient  to 
V3UuMraI«  tlieir  general  compoeilioo,  UDd  the  relalion^  wliich 
\  they  bi-ttr  to  the  correspotnling  oxygen  compouDd^. 

Ojjiym  SilU.  Sulphur  Salts. 

If-O-ff  H-SH 

WUH  •*  OjitK  Add.  Bulphshjilric  AcliL 


KrOfGO  K^^S-rCS 


I,   Tett-Paptrt.  —  The  soluble  bnses  and  acids,  when  di&- 
Mlved  in  water,  cnu^e  a  Blriliing  clmnge  of  color  i 


vegetable  dyes,  and  these  characteristic  reactions  give  to  tlie 
a  rendy  means  of  distinguishing  between  the'^e  two 
loportajit  i'lnasei  of  compounib.  The  two  dyes  chiefly  used 
Sot  tlib  purpose  are  turmeric  nud  litmus,  and  strips  of  paper 
with  the  dyes  are  employed  in  testing.  Turmeric 
ihich  is  naiunilly  yellow,  is  tamed  browni.-h  red  by 
'liilo  litmus  paper,  which  is  naturally  blue,  'a  turned 
ml  by  aci<l#.  and  in  both  coses  the  natural  color  b  restored  by 
DDm pound  of  the  opposite  class. 

If  to  a  folution  of  a  Mrong  base,  like  sodic  hydrate,  we  add 

dowly  and  ciircriilly  n  solution  of  a  strong  acid,  like  sulpluiric, 

■re  shall  at  la^t  reach  a  condtlion  in  which  tlic  solution  aHects 

IBftitbpr  test-pnper,  and  it  is  then  said  to  be  nru/ral.     On  evap- 

lUing  ilii4  solution  we  obtain  a  neutral  salt,  like  t'odic  snlpliale, 

td  ttio  presence  in  the  solution  of  the  sllglitest  excess  of  acid 

'  base  bryond  the  amount  ruijuired  to  form  this  salt  would 

lave  bcf n  made  evident  by  the  tort-papcr«.     In  such  cases,  wo 

lay  iJiercfore  use  these  tost-papers  to  diittinguisli  between  acid, 

bvicuid  neutral  salta,  but  only  with  great  caution ;  fur  wo  find 

irbrn.  na  in  ucid-curlionute  of  soda,  a  strong  base  is  as^o- 

d  with  a  weak  acid,  the  reaction  u  slitl  baaic,  aliliuttglL 
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the  acid  may  be  greatly  in  excess,  and,  on  the  other  hand, 
when,  as  in  cupric  sulphate,  a  weak  base  has  been  a::Sociated 
with  a  strong  acid,  the  reaction  may  be  strongly  acid  even  in 
the  basic  salts.  The  explanation  of  these  apparent  anomalies 
is  to  be  found  in  the  fact  that  these  colored  reagents  are  all 
Falts  tliemselves,  and  the  reactions  examples  of  metathesis. 
The  coloring  matter  of  these  dyes  is  an  acid  which  varies  its 
tint  according  as  the  hydrogen  atoms  have  or  have  not  been 
replaced ;  and  when,  for  any  reason,  the  acid  or  base  of  the  salt 
examined  is  not  in  a  condition  to  determine  the  necessary  me- 
tathesis, the  characteristic  change  of  color  does  not  take  place. 

Unfortunately,  the  fact^  just  stated  have  led  to  great  confu- 
sion in  the  use  of  the  words  "acid"  and  "basic"  as  applied  to 
salts,  since  these  terms  sometimes  have  reference  solely  to  the 
number  of  atoms  of  hydrogen,  in  the  acid  or  base,  which  have 
*  not  been  replaced  in  the  formation  of  the  salt,  and  at  otlier  times 
refer  to  the  reactions  of  the  salt  on  the  colored  reagents  just 
described.  A  confusion  of  this  sort  must  have  been  noticed  in 
the  names  of  the  three  phosphates  of  soda  on  page  85.  The 
so  called  neutral  phosphate  is  theoretically  an  acid  salt,  and 
the  basic  phosphate  a  neutral  ^alt,  but  the  salts  give  with  test- 
papers  the  n'aetions  which  tluiir  names  indicate.  The  theo- 
retical is  the  only  legitimate  use,  and  the  one  we  shall  adhere 
to  in  this  book,  except  in  regard  to  names  of  compounds  which 
cannot  l)e  arbitrarily  chan^red. 

40.  Alcohols,  Fat  Acids,  Ethers,  —  The  hydrocarbon  radicals 
mentioned  in  §  34  yield  a  very  large  number  of  comj>ounds 
after  the  ty[»e  of  water,  which  are  closely  allied  to  tlie  hy- 
drates and  anhydrides,  both  acid  and  basic,  just  described.  If 
one  of*  the  hydrogen  atoms  in  the  molecule  of  water  is  replaced 
by  cither  of  the  univalent  basic  radicals,  methyl,  ethyl,  propyl, 
&c.,  we  i)btain  a  class  of  compounds,  called  alcohols,  of  which 
our  common  alcohol  is  the  most  important.  On  the  other 
hand,  if  the  atom  of  hydrogen  is  replaced  by  one  of  the  uni- 
valent acid  radicals,  formyl,  acetyl,  propionyl,  &c.,  we  obtain  an 
important  class  of  acid  compounds,  of  which  acetic  acid  (vine- 
gar) is  the  best  known,  but  which  also  includes  a  largo  number 
of  fatty  substances  closely  related  to  our  ordinary  fats.  Hence 
the  name  Fat  Acids,  by  which  this  class  of  compounds  is  gen- 
erally designated. 
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Basic  Hydrates  or  Alcohols. 

Methylic  Alcohol  (wood  spirits)  CH^-O-H. 

Ethjlic  Alcohol  (common  alcohol)  C^H^O-JI. 

Propylic  Alcohol  CJIfO'H. 

ButyUc  Alcohol  C^H^-  O-IL 

AmyUc  Alcohol  (fusel  oil)  C^i  O-H. 

(With  dz  others  already  known.) 

Add  Hydrates,  Fat  Acids. 
Formic  Acid  HO- CEO. 

Acetic  Acid  H-  0-  C^H^  O. 

Propionic  Acid  H-  0-  CsB,  0. 

Butyric  Acid  H-  0'  C.Hj  0. 

Valerianic  Acid  H-  0-  G^H^  0. 

(With  fifteen  others  already  known.) 

If  now  we  replace  both  of  the  hydrogen  atoms  of  water  by 
the  same  basic  radicals  mentioned  above,  we  obtain  a  class  of 
compounds  called  ethers,  which  correspond  to  the  metallic 
oxides  or  basic  anhydrides ;  and  if  we  replace  the  two  hydro- 
gen atoms  by  the  corresponding  acid  radiciils,  we  obtain  a 
similar  series  of  acid  anhydrides.  Lastly,  if  we  replace  one  of 
the  hydrogen  atoms  by  a  basic  radical,  and  the  other  by  an 
acid  radical,  we  get  a  class  of  compounds  also  called  ethers 
(but  distinguished  as  compound  ethers),  which  correspond  to 
the  salts. 

Examples  of  Anhydrides, 

1.  Simple  Ethers. 

Methylic  Ether  CH^-O-CH^    or  (Cff^)fO. 

Ethylic  Ether  (common  ether)  CzHfOC^Hs  or  {CiH^),fO. 

2.  Mixed  Ethers. 
Methyl-ethyl  Ether  CH,fO-  an,- 
Ethy  1-amyl  Ether  C,^,-  0  -  C^H,^, 

3.  Compound  Ethers. 
Acetic  Ether  0^H,-0-  CM^ 0. 

Butyric-methyl  Ether  CH^-Q-  C^Hj  0. 

4.  Acid  Anhydrides. 
Acetic  Anhydride  aJT^O-O'C^BsO  or  ( C^H^OYfO. 

Valerianic  Anhydride      C^H^OO-C^^O  or  {c^H^O){0. 
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The  positive  radicals,  of  which  the  alcohols  consist,  hold  an 
intermediate  position  between  the  strong  basic  radicals  on  the 
one  hand,  and  the  strong  acid  radicals  on  the  other,  and  4he 
same  is  true  of  the  alcohols  themselves,  which  hold  a  middle 
place  between  the  strong  basic  and  the  strong  acid  hydrates. 
Tliis  is  indicated  by  the  following  reactions ;  in  what  way  it  is 
left  to  the  student  to  inquire. 

2n-0-ajl,  +  K-K=i  2K-0'CJI,  +  H-H 
2  CH,-0-H-\-  RfO/SOo  =  (CB^)rOrSO^  +  2  ff^O 

41.  Glycols. — The  class  of  hydrates  described  in  the  last  sec- 
tion belong  to  the  simple  type  of  water.  But  we  have  also  a  class 
of  analogous  compounds  belonging  to  the  type  of  water  doably 
condensed.  If  in  the  double  molecule  of  water  {Hf0.fHi)  we 
replace  cue  of  the  pairs  of  hydrogen  atoms  by  either  of  the 
bivalent  positive  radicals,  ethylene,  propylene,  butylene,  &c, 
we  obtain  a  series  of  compounds  closely  resembling  the  alco- 
hols, called  glycols,  aud  by  substituting  the  related  negative 
radicals  we  obtain  two  series  of  acid  hydrates,  which  stand  in 
the  same  relation  to  tlie  glycols  that  the  fat  acids  bear  to  the 
alcohols.  These  relations  are  shown  in  the  following  scheme, 
which,  however,  includes  only  the  five  first  members  of  each 
of  these  three  series  of  compounds.  It  should  be  noticed  in 
this  conne(»tion  that  eacli  of  the  bivalent  positive  radicals  yields 
two  related  negative  radicals,  while  the  univalent  positive  radi- 
cals of  the  last  section  yield  only  one  such  negative  radical ; 
and  moreover  that  th(^  acids  in  the  first  series,  although  dia- 
tomic, are  only  monobasic,  while  those  in  the  second  series  are 
both  diatomic  and  dibasic  (43). 


CJIcOrlL 

Ethylic  (ilycol. 
l*ropylic  Glycol. 

CJU  Or  111 

Duty  lie  Glycol. 

C,II,.^0,'Ih 

Amy  He  Glycol. 


IL-OrCJLO 

Gly colic  Acid. 

RrOrCn^O 

Lactic  Acid. 

HrOiC.H^O 

Oxy  butyric  Acid. 

KrOrCsH^O 

Valerolactlc  Acid. 

S,-0./C,,/f„0 

Leucic  Add. 


n.rOfr.0^ 

Oxalic  Acid. 

IlrOrQM^O^ 

MaJonic  Acid. 

JlrOrCJf.O^ 

Succinic  Acid. 

Pyrotwtaric  Actd. 

H,'OiC,IIiOt 

Adijido  Add. 
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Convsponding  to  Iheae  basic  and  acid  hydrates  we  have 
Kbo  tufwn  ablti  to  oliliua  in  several  cnsc^  ihe  bnsic  and  acid 
anbplrides,  besides  a  very  large  number  of  com])oiii]U  tiliers. 

42.  Gti/etrintii  and  Sugars.  —  In  the  alcoliols  one  lij'dmgen 
atom  from  ihit  original  typical  molecule  {typical  hydrogm)  re- 
nuuDD  iindi»lurbed.  In  (lie  glycols  llicrc  are  two  tucli  liydro- 
gcti  ntums,  ftnd  lience  these  compounds  are  Tretjuently  cnlkd 
diatomii;  ulcotiols.  Our  rommoii  glycerine  is  a  triulomic  alco- 
hol, and  niay  be  regarded  as  formed  from  a  niolcriTle  of  water 
trebly  conilrti'ed  (IfyO^f/,),  by  reiilueing  one  of  the  groups  of 
hydrogi-n  nioms  with  llie  Irivalent  radical  glyceryl  {Cfl!^).  Ii 
U  probable  Ibut  a  Isrge  number  of  triiilomie  alcoliols  or  glycer- 
Inat  may  hereafter  be  obtained,  but  only  two  arc  now  Udowq. 

Propyhc  Glycerine  (common  glycerine)  Ui^O^CJIy 
Amylic  Glycerine  H^O.,fCjr^. 

From  tlie  glycerines  wo  may  derive  acids,  anhydrides,  and 
flomponnd  ethers,  bearing  to  ench  otber  tbe  same  relaliims  as 
lliOSC  derived  from  iho  alcohols  of  a  lnwcr  order,  but  only  a 
few  of  tliH  possible  compounda  wliieh  our  theory  would  foresee 
■re  yet  known.  The  natural  fats  are  compounds  of  glycerine 
■with  the  fat  scldn,  and  it  is  probable  that  our  common  ^ngara 
are  likuwiott  derived  from  alcohols  of  a  stiU  highei-  order  of 
aioinicii7' 

43.  Momcity  and  Satinlt/  of  an  Acid.  —  By  llie  aloiU' 
ieity  of  a  compound  is  meant  the  numlier  of  hydrogen  atoms 
which  it  retains  from  the  original  typical  molecule  siill  unre- 
plaoed,  and  the  use  of  this  term  with  reference  to  iIk:  batie 
hydrolr.*  has  been  already  abundantly  illustrated  in  this  chap- 
ter. In  the  ca.ie  of  tbe  ncids  a  distinction  must  be  made  be- 
tween atomicity  and  basicity,  which  is  frequently  important. 

Tbe  Gimiula  of  every  acid  may  be  written  on  the  type  of  one 
orroorefttomsof  hydrochloric  acid,  as /4^- in  "''icli  //„  sliiuds 
for  Iho  replaceable  atoms  of  hydrogen,  and  R"  for  all  ihe  i-cst 
of  tbe  atoms  of  the  molecule,  which  may  be  regarded  ns.formlng 
a  radical  with  an  atomicity  equal  to  the  number  of  replaccablo 
hydrogen  atoms.    The  symbols  H-NOt  H/SOt  Jf,-PO,  are 


i^A^ 
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written  on  this  principle.  In  each  case  the  acid  is  said  to 
have  the  atomicity  of  the  radical.  The  basicity  of  the  acid, 
on  the  otlier  hiind,  depends,  not  on  the  total  number  of  repliye- 
abl(»  liydrogcn  atom<,  but  on  the  number  which  may  be 
replaced  by  metallic  atoms  or  basic  radicals.  As  a  general 
rule,  it  is  true  that  the  basicity  is  the  same  as  the  atonucity, 
but  this  is  not  always  the  case.  Thus  lactic  acid  is  diatomic 
but  monoba.sic,  and  the  sam^  is  true  of  the  other  acids  homol- 
ogous with  it  (page  92). 


Laclir  Acid.  SoUic  Lactate.  Sodic  Bcniulactete. 

K.  C,H:r{  CJh  0,)         CJf„  CJI:r(  CJI,  0,) 

Putassic  Ethyl-ldCtutc.  Dictlvylic-lutBte. 


Only  one  atom  of  hydrogen  can  be  replaced  by  a  metallic 
radical,  but  a  second  may  be  replaced  by  either  a  negative  or 
an  alc()lioli<»  radical,  as  in  tiie  hist  three  symbols,  and  in  desig- 
nating the  atoms,  thus  dilltTcntly  related  to  the  molecular  struc- 
ture, it  is  usual  to  call  the  lirst  basic  and  the  other  alcoholic 
hydrogen. 

AVe  might,  in  like  manner,  distinguish  between  the  atomicity 
and  the  aciditf/  of  a  base,  hut  this  distinction  has  not  been  found 
as  yet  to  be  of  practical  importance. 

44.  Water  of  Cn/st(illi:atlo}i,  —  Among  the  most  striking  char- 
acteristics of  the  class  of  compounds  we  call  salts  is  their  sol- 
ubility in  water  and  their  tendency  on  separating  from  it, 
in  con-ecpience  of  either  the  evaporation  or  the  cooling  of 
the  Huid,  to  assume  definite  cry.sUdline  forms.  These  crys- 
tals, as  a  general  rule,  are  complex  crystalline  aggregates  of 
molecules  of  the  salt  and  mohicules  of  water.  The  water  is 
held  in  combination  by  a  com})aratively  feeble  force,  and  may 
be  generally  driven  off  by  exposing  the  salt  to  the  temperature 
of  100°  C,  when  the  crystals  fall  to  powder.  Sometimes  it  es- 
capes at  the  ordinary  temperature  of  the  air,  when  the  crystals, 
as  before,  fall  to  powder  and  are  said  to  eflloresce.  It  thus  evi- 
dently ajjpears  that  the  water,  although  an  essential  part  of  the 
crystalline  structure,  is  not  inherent  in  the  chemical  molecule, 
and  hence  the  name  Water  of  Crystallization.    The  presence  of 
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or  CTTSlKUIxalion  in  n  iinlt  'n  expresseil  by  writing  a^er 
the  syiubot  of  the  suit,  nnd  sppamted  from  it  hy  a  period,  ihc 
namlnT  of  tnulcruk'^  of  wnter  iviili  whicb  each  aah  molecule 
k  KSivciaiCkl.     Thiis  we  linvo 

The  aamt:  Btdt,  when  crystalligteil.  At  different  tempemtiires 
lot  nnfrt-qiiL-nily  c(iiiiliiiii:s  with  difii^reRt  amounts  of  water  of 
DrjrMnUizniion,  the  lels  amounts  corresponding  to  the  bigher 
•emperaturc's     Tbu^  iminganoiis  suijilmlii  may  be  crystallized 

"  li  titne  (lifTi^rcnt  muoutitd  of  water  of  cryaiallizatioo.     We 


irnS0^7H,0  when  crjstallizeJ  below  G"  C. 
J/nA'0,.:;/;,f»      ■■  "  between  7^  ami  20°. 

JI/n*'0,iW,0      "  '■  betweea  20°  and  30°. 

Tie  cryetnllinc  forms  of  iheso  ihrco  compouuJs  are  entirely 
iiflrrent  from  each  other  ;  and  this  fact  again  curroboroiea  tlie 
view  thai,  the  molecules  of  water,  wliile  a  part  of  l!ie  cryaialliiie 
■tnicture,  arc  not  a  pari  of  the  chemical  typo  of  ibc  Ball.  It 
wilt  bo  well  to  ilistinguifth  the  moleeular  aggrogatt;,  wliieh  the 
J^boUof  this  section  represent,  from  the  simpler  chemical 

olecnles  by  a  special  terra,  and  we  propOsie 

JBae  molecules.      Wliile,  however,  there  i 

Skttnoe  of  opinion  in  regard  to  ibe  relatii 

abxaies  of  water  stand  to  the  etruciurc  of  m< 

T  Bittcs'wbere  the  conditioD  is  apparently  fii 


o  call  them  crys- 
i  link  room  for 
■na  in  which  the 
lat  crystals,  tliere 
■  leH3  simple,  and 
e  wo  find  the  water  io  firmly  bound  to  the  salt  itfin-If  that 
s  to  form  a  part  of  ita  atomic  structure. 


Quettio 


r  and  ProUemt. 


Analyse  reactions  [■12].    Show  what  is  meant  hy  a  metallic 
]  defme  the  term  alkali.     Write  the  eimilar  rea<:tion« 
thieh  may  be  obtained  with  lithium,  caesium,  and  mbidiuDi.    Name 
■h  cam  tho  clo^  of  compounds  to  which  the  factors  aud  pro- 
belong.     Alw  represent  tbei^e  reRctiona  by  p;raphic  sjaiboli. 


ty  Ui  obtaioed  with  bariui; 
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the  class  of  compounds  to  which  the  factors  and  products  bekng. 
Also  represent  the  reactions  bj  graphic  symbols. 

3.  Analyze  reactions  [44]  and  [45],  and  write  the  nmilar  reac- 
tions which  may  be  obtained  with  either  of  the  metals,  calciam, 
strontium,  barium,  and  magnesium.  What  theory  of  the  constitation 
of  the  metallic  hydrates  do  these  reactions  suggest  ? 

4.  In  what  respects  do  the  hydrates  Ca^  0^'H^  and  Mg*  O^^H^ 
differ  from  K-O-H  and  Na-O-II  ? 

f}.  Analyze  reactions  [46],  and  show  that  the  principal  products 
must  be  regarded  as  hydrates.  Name  the  class  of  compounds  to 
which  the  other  products  and  factors  belong. 

6.  State  the  third  theory  which  is  held  in  regard  to  the  constitu- 
tion of  the  hydrates,  and  write  the  symbols  of  tlie  different  hydrates 
according  to  this  view.  Also  bring  these  symbols  into  comparison 
with  those  of  the  same  compounds  written  idter  the  other  two  plans, 
and  show  by  means  of  graphic  symbols  how  far  these  forms  are  arbi- 
trary, and  how  far  they  represent  fundamental  differences. 

7.  In  what  sense  may  the  solution  of  ammonia  gas  in  water  be 
regarded  as  an  hydrate  ?  Write  reactions  [46],  using  ammonic  hy- 
drate instead  of  the  hydrates  of  sodium,  potassium,  and  barium. 

8.  In  what  relation  do  the  metallic  oxides  stand  to  the  hydrates  ? 
Define  the  term  base, 

9.  Define  the  term  salf,  and  illustrate  your  definition  by  examples. 

10.  Define  the  terra  acid.  How  does  an  acid  differ  from  a  me- 
tallic hvdrat(J  ?  Is  an  ai-id  necessarily  an  hydrate  ?  What  two 
classes  of  acids  mav  be  distinguished  ? 

11.  What  is  the  dijstinction  between  an  acid  and  a  basic  radical. 
How  are  they  related  to  the  two  hydrogen  atoms  of  water  ?  As- 
sumins:  tluit  i\wre  is  no  difTerence  between  these  two  atoms  in  the 
oritrinal  molecule  of  water,  doi'S  not  the  replacement  of  one  of  the 
atoms  hv  a  radical  of  either  class  alter  the  relations  of  the  second  V 
Is  there  not  an  analogy  between  these  phenomena  and  those  of 
magnetism  ? 

12.  Analyze  reactions  [47  et  seq],  and  point  out  the  evidence  of 
acidity  in  each  case. 

13.  Analyze  the  following  reactions. 

K'O-B:    +HF  =  KF  +H.2O 

Ch  ^  OrH.  +  2H-  0  -NO^  =  Cu = 0 , = (  NO:)^  +  2^,  0 


•  j 
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PgiOl  out  the  diSereot  acids  and  bases.  In  what  does  the  evidence 
Uivii  aciilitj  or  basicity  appur  either  in  these  or  in  reactioDs  pre- 
mulj  giren?  Show  \a  each  caae  how  the  reptacument  at  the  hy- 
toeen  KtoiDs  is  obtained,  and  illustrate  the  dilT'crence  between  the 
atoms  of  an  acid  and  those  of  a  base.  What  two  eloaaes 
af  aciib  may  be  dtstingnifhed  ? 

14.  BegMnJing  the  hydrates  as  compnunds  of  1>yil"»fli  bow  can 
define  tlie  acids  and  bases  of  this  cla^  V 

li.  Represent  the  composition  of  nitrite,  sulphuric,  and  phoaphoric 
id  by  graphic  symbols,  and  show  that  the  two  niodes  of  writing 
nriymbols  embody  essentially  the  some  idea. 

15.  Dydrochloric  acid,  acetic  acid,  nitric  acid,  hydriodic  acid,  hy- 
«bnMnic  acid,  sulphuric,  acid,  carbonic  acid,  and  phosphoric  acid 
ftt  «Lst  basicity  ?  Point  out,  in  the  various  reactions  given  in 
it  etiapter,  the  crideoce  io  each  cbbc,  nnd  nrite  the  symbols  of  the 
anbla  sodic  salts  of  the  different  acids. 

17.  Wlsrf  class  of  compounds  do  the  symbols  SO,,  N,0^,  P^0„ 
CO,  and  SiOf  represent  V  By  a  compnrisoo  of  symbols  show  how 
IbeM  eomiwmids  may  be  regarded  as  formed  from  water,  and  bow 
Ifcey  are  rekted  to  the  corrusponding  acids.     To  what  class  of  com- 

vait  io  they  stand  in  direct  anlitbeeis  ? 

18.  Vvinn  the  terms  basic  and  acid  hydrate ;  basic  and  acid  sn- 
Ijdride,  and  compare  reactions  [43]  with  [H  and  45]. 

19.  Analyze  the  reaction,  BaO  +  SO,  =  BaO,  SO,. 

may  be  urged  for  writing  the  symbol  of  baric  sulphate 
this  way  V     What  was   the   Uicory  of  the   dunlistic   system   in 
[•rd  10  Bach  coin|>oundit  ?     Represent  the  symbol  by  the  grsphic 
and  *eek  to  determine  whether  the  duahstic  form  is  compat- 
with  the  theory  of  molecular  unity. 
SO.  The  following  symbols  represent  compounds  of  what  class  ? 
y-OJ/i    Hr'O^'PO:  Fe^O,'ir,i    2IHH0):   (/-O.VOi 
:-0/ti    Ca-O^ffti  CiHcO-U',1Na-0-Il:  {CJl^O).fO', 
Wt*OiiSii  a-0'XO,:H/OfSO,:(FrFe)W,i  ff-0-C^/IiOt 
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Give  in  each  ease  the  name  of  the  compound  so  far  as  70a  are  able 
to  infer  it  from  examples  previous!/  given,  and  show  how  the  s^'m- 
bol  is  related  to  that  of  water. 

21.  Point  out  the  acid  basic  and  neutral  salts  among  the  com- 
pounds represented  by  the  Ibllowing  symbols :  — 

H,Na-0.rCO  I/yK -0/(0^0,)  {Hg-OHg-O-HgYO^-SO^ 

NarOrCO  K./0.fi  a,0.)  [^^-^]=<5/(iWi)t 

Z^  Cui  O^.Sl  Cu -  Of{ NO,)y  II  [Fe-Fe'^O^SO,}^ 

Bi^O.^{NO.^,II,       11^  lOOMs  KfOr{SO:rO'SO,). 

>Vhat  two  classes  of  basic  salts  may  be  distinguished  ?  Convert  the 
symbols  into  the  dualistic  form. 

22.  Analyze  reactions  [19  and  50],  and  show  how  far  they  justify 
the  duali-stic  form  given  to  the  symbols.  Represent  the  same  reac- 
tions in  the  graj)hic  form. 

23.  What  class  of  compounds  do  the  following  symbols  represent  ? 

Agy-SMs       Ag-S-SbS       Ca-S/R. 

Write  the  symbols  of  the  corresponding  oxygen  compounds. 

24.  Explain  the  theory  of  the  colored  test  pa]iers,  and  the  use  of 
the  terms  acid  and  basic  in  connection  with  them.  To  what  confu- 
sion does  the  double  meaninj;  of  these  terms  sometimes  loid  ? 

25.  The  mombers  of  the  soric-s  of  alcohols  -stand  in  what  relation 
to  each  other  ?  Does  the  same  n*lation  exist  between  the  members 
of  the  series  of  fat  acids,  jrlycols,  &(r.  ?  Find  a  general  symbol, 
whic'h  will  represent  the  composition  of  each  of  these  classes  of  com- 
pounds. 

20.  Tn  what  relations  do  the  alcohols  stand  to  the  fat  acids,  and  the 
glycols  to  the  acids  derived  from  them  ? 

27.  Select  examples  from  each  of  the  classes  of  compounds  de- 
scribed in  sections  10,  41,  and  42,  and  bring  the  symbols  into  com- 
parison with  those  of  some  simple  hydrate  or  anhydride  with  which 
they  exactly  correspond. 

28.  We  are  acquainted  with  a  class  of  compounds  known  as  con- 
densed glycols,  one  of  which  has  the  following  symbol :  — 

( c^ff^-  0'  an,-  0'  c,ii^ = o^^h^ 
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To  what  dan  of  salts  does  this  correspond  ? 

29.  Judging  from  the  following  symbols  of  a  few  of  the  salts  of 
tartaric  acid,  what  conclusion  should  you  reach  in  regard  to  the 
atomicity  and  basicity  of  this  acid  ? 

(C^,)»  ^t^O^i  C*H,0,) ;        (Cifli)^  {C,H,0)fO:^{C,H,0,) 

30.  ^Vhat  is  the  atomicity  and  basicity  of  the  different  acids 
whose  symbols  have  been  given  in  this  chapter  ?  Does  the  basi- 
city of  the  different  hydrocarbon  acids  (§  40  to  §  43)  appear  to 
have  any  connection  with  the  number  of  oxygen  atoms  in  the  rad- 
ical? 

31.  How  do  you  explain  the  state  of  combination  of  the  water 
which  enters  into  the  composition  of  most  crystalline  salts  ?  Show 
by  an  example  how  this  mode  of  combination  is  represented  s^on- 
bdically.  What  facts  may  be  adduced  in  support  of  the  opinion 
that  the  molecules  of  water  are  not  a  part  of  the  chemical  type  of 
the  salt 


CHAPTER    X.i 
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45.  Origin  of  Nomenclature.  —  Previous  to  the  year  1787 
the  names  given  to  chemical  compounds  were  not  conformed  to 
any  general  rules  ;  and  many  of  these  old  names,  such  as  oil  of 
vitriol,  calomel,  corrosive  sublimate,  red  precipitate,  saltpetre^ 
sal-soda,  borax,  cream  of  tartar,  Glauber's  and  Epsom  salts,  are 
still  retained  in  common  use.  As  chemical  science  advanced, 
and  the  number  of  known  substances  increased,  it  became 
important  to  adopt  a  scientific  nomenclature,  and  the  system 
which  came  into  use  was  due  almost  entirely  to  Lavoisier,  who 
reported  to  the  French  Academy  on  the  subject,  in  behalf  of  a 
committee,  in  the  year  named  above.  In  the  Lavoisierian 
nomenclature  the  name  of  a  substance  was  made  to  indicate  its 
composition  ;  and  at  the  time  of  its  adoption,  and  for  fifty  years 
after,  it  was  probably  the  most  perfect  nomenclature  which 
any  science  ever  enjoyed.  It  was  based,  however,  on  the 
duahstic  tlieory,  of  which  Lavoisier  was  the  father ;  and,  when 
at  last  the  science  outgrew  this  theory,  the  old  names  lost  much 
of  their  significance  and  appropriateness.  Within  the  last  few 
years  the  English  chemists  have  attempted  to  modify  the  old 
nomenchiture  so  as  to  better  adapt  the  names  to  our  modem 
ideas.  Unfortunately  the  result,  like  most  attempts  to  mend  a 
worn-out  garment,  is  far  from  satisfactory,  although  it  is  prob- 
ably the  best  which  under  the  circum-^tances  could  be  attained. 
The  new  nomenclature  has  not  the  simplicity  or  unity  of  the 
old,  and  its  rules  cannot  be  made  intelligible  until  the  student 
is  more  or  less  acquainted  with  the  modern  chemical  theories. 
Fortunately,  however,  the  admirable  system  of  chemical  sym- 
bols supplies  the  defects  of  the  nomenclature,  and  for  many 

1  In  studying  this  chapter,  the  student  is  expected  to  remember  the  names 
corresiK>nding  to  the  different  symbols,  and  also  the  sjnubols  oonrospoDdiog 
to  the  Domes. 
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maj-  be  used  in  its  place.  We  have,  thprefore,  devel- 
oped litis  E^ti^m  liret,  bat  littve  aUo  tided,  meanivbik,  (he  corre- 
•ponding  scieniific  name^,  eo  tliai  the  studuat  miglit  bcuoine 
bjuUiar  wLih  the  nomeat^latun-,  and  gulher  iU  rules  as  he 
kdranced.     A  brief  summary  of  ihesc  rulei  is  all  ihat  will  he 

46.  A'amet  of  Elements.  —  The  names  of  the  elements  are 
pot  coorornied  to  any  Hxeil  nile^.     Thoiie  which  vtere  knoivn 

«  1767,  such  as  sulphur,  phofphoru^,  nrsenic,  antimony, 

gold,  nnil  tlic  other  useful  metaU,  retain  their  old  namce, 

'verol  of  the  more  rcc:eutly  discovered  elemenrs  have  been 

ined  in  allusion  to  some  prominent  properly  or  Borac  circum- 

U)ce  t-untiected  with   their   history :    as  oxygen,   frum  <if uf 

■^raim  (ncid-gencrator)  ;    hydrogen,  from  v9vp  yt*vaia  (water* 

fntcra'^O  ;  chlorine,  from  j(K<ap6s  (green) ;  iodine,  from  laSqt 

riolet) :  bromine,  from  Upa^n  (fetid  oJor).     The  names  of  tbo 

aewljr  disenvered  metals  liuve  a  common  termination,  um,  as 

'tim,  sodium,  pUititmtn  ;  and  the  names  of  several  of  lliu 

Jievlj  discovered  roetalbids  end  iti  t'ne,  as  chlorine,  bromine, 

iodiii*,Jliu>Tine.     Equally  arbitrary  names  have  been  given  to 

Ibe  compound  radicals;  but,  with  a  feiv  ex(.'<-ptions.  they  all 

lemlaulein  yl  or  ene,  as  ethyl,  acetyl,  hydroxyl,  and  elfiylene, 

veeti^tnt,  &c. 

47.  Mtmet  of  Binary  Ooinpounds.*     The  simple  compounds 
(lie  elemenls  with  oxygen  are  called  oxides,  and  the  speeific 

imN  of  the  (liOereut  oxides  are  formed  by  placing  before  the 

Wiml  "oxide"  the  name  of  the  element,  but  changing  the  tenni- 

IHtJOn  into  i«  or  out,  to  indicate  different  degrees  of  oxidation, 

nd  using  tlie  Latin  name  of  the  element  in  preference  to  tho 

ln^ish,'buth  for  the  aako  of  euphony  and  in  order  to  secure 

fiutrv  general  agreement  among  different  languages.      When 

element  miites  with  oxygen  in  more  than  two  pro- 

^rltond,  the  Latin  prepositions  or  numeral  adverbs,  tuk,  per, 

tit,  Ac  are  prefixed  to  the  word  "  oxide,"  in  order  to  indicate 

An  wlditionul  degrees.    Formerly  these  compounds  were  called 

of  the  different  elements,  the  degrees  of  oxidation  being 

lical«I  solely  by  the  prefixes  ;  and,  as  the  old  names  arc  stilt 

reij  general  use,  they  are  also  given  in  the  following  ex- 

'CoiupuunJn  atlwo  deiiienn. 
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New  Names, 

Old  Names. 

AgO    i 

NO 
NO, 
FeO 

Fefi, 

s    Argentic  Oxide    or 
"    Nitrous  Oxide       ". 
'*    Nitric  Oxide          " 
'*    Nitric  Peroxide     " 
'*    Ferrous  Oxide       " 
'*     Ferric  Oxide         " 

Oxide  of  Silver 
Protoxide  of  Nitrogen 
Deutoxide  of  Nitrogen 
Peroxide  of  Nitrogen 
Protoxide  of  Iron 
Sesquioxide  of  Iron. 

An  important  exception  to  the  above  rules  is  made  in  the 
case  of  tliose  oxides  which,  when  combined  with  the  elements 
of  water,  form  acids.  As  has  been  already  stated,  page  85, 
Eiiich  compounds  are  called  anhydrides,  but  the  degrees  of  oxi« 
dution  are  distinguished  as  before,  thus :  — 


New  Names. 

Old  Names. 

SO, 

is 

Sulphurous  Anhydride     or 

Sulphurous  Acid 

so^ 

(t 

Sulphuric  Anhydride         " 

Sulphuric  Acid 

N,0, 

(( 

Nitrous  Anhydride             " 

Nitrous  Acid 

NA 

a 

Nitric  Anhydride                " 

Nitric  Acid 

PA 

ii 

Phosphorous  Anhydride     " 

Phosphorous  Acid 

PA 

(( 

Phosphoric  Anhydride        " 

Phosphoric  Acid 

CO, 

(i 

Carbonic  Anhydride           " 

Carbonic  Acid 

SiO, 

(( 

Silicic  Anhydride               " 

Silicic  Acid. 

The  names  in  common  use,  even  among  chemists,  of  the 
earths,  tlic  alkaline  earths,  and  the  alkaline  oxides,  make 
another  important  exception  to  the  general  rules  given  above, 
thus :  — 


AIA 

Aluminic  Oxide  is  commonly 

called 

Alumina 

DaO 

Baric  Oxide        "         ' 

Baryta 

SrO 

Strontic  Oxide   "         * 

Strontia 

CaO 

Calcic  Oxide       "         * 

Lime 

MgO 

Magnesic  Oxide  "         * 

Magnesia 

K\0 

PotARsic  Oxide    "         * 

Potassa 

Na.O 

Sodic  Oxide        «         * 

Soda. 

As  this  last  class  of  oxides  stands  in  the  same  relation  to  the 
bases  in  which  the  previous  class  stands  to  the  acids,  they  have 
also  been  called  by  some  chemists  anhydrides. 

The  names  of  the  binary  compounds  of  the  other  elements 
are  formed  like  those  of  the  oxides. 
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Compoimib  or  Chlarinc       are  ca 

ed     CldonVffj 

"    Bromine        •' 

BronuJrt 

"   Iodine 

lodit/es 

»          «   Fluorine 

Fluori</M 

"   Sulphur 

'         SulphiV/e* 

"   Nilfegen       " 

NitnV/e* 

«          "   PliDSphonu   " 

PhospWu 

"           "    Areenio          " 

'         Arsenu/M 

"          "    Antimony      " 

'         Anlimonii/M 

"         "    Carbon          "        "        Carbon  Ww. 

[oreover,  the  Bpecifie  names  of  the  several  comjiouuda  n1«i 

>w  the  analogy  oi'  the  oxides,  thus  :  — 

New  Namei.                      OU  Name^. 

SnCl,    h    Stannona  Chloride    or    ProtocUloriae  of  Tm 

SnCI^     "     Stannic  Chloride         «     Perchkride  of  Tin 

Ft^      "     Diferrons  Sulphide     "      Subsulphide  of  Iron 

FeS       "     Ferrous  Sidphide        "      Protoaulphide  of  Iron 

i\.*i,      ■'     Ferric  Sulphide          "      Seaqniaulphido  of  Iron 

FtS,      «    Ferric  Bisulphide       "     Bisulphide  of  Iron 

CaFl,    ••     Calcic  Fluoride           "      Fluoride  of  Calcium. 

Here,  again,  must  be  noticed  several  exceptions  to  the  gen- 
al  nil«.  Several  simple  coD[ipDund3  of  the  elements  with  hy- 
1,  of  which  the  hydrogen  is  easily  replaced  with  a  metal 
positive  radical,  are  called  acids,  and  retain  tlie  specific 
aea  of  the  old  nomenclamre,  thuB :  — 


tra 


iiFt 


Hydric  Ctloriilo  is  called  Hydrochloric  Aci.l 

llydric  Bromide  "      "  Ilydrohromic  Acid 

ByJric  Iodide  "      "  IlydriodJc  Acid 

Hydric  Fluoride  "      "  Ilydrofluoric  Acid 

Uydric  Sulphide  "      "  Hydrosulphuriu  Acid. 


IB  but  compound  is  frequently  called  also  siiIpliurcLled 
Ijrdrogcn,  and  ^veral  other  hydrogen  compounds  are  named 
kfter  tbc  same  analogy,  while  others  again  ore  alwaya  called  by 
well-known  trivial  names,  thus  :  — 

il,Sb     19     Anlimoniuretted  tlydrogen 

tl^*    "     Areeninrelled  Hydrogen 

W,P      "     Wiiwphurelled  Hydrogen 
Ammonia  (Jas 

Mareh  Oan  or  Light  Carburetted  Hydn^n 
Olefiant  Cia  nr,  it  n  radit-a),  Etliyfcne- 
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48.  Ternary  Compounds.  —  Of  the  old  class  of  tenuoy 
compounds,  it  is  only  those  which  are  formed  after  the  type  of 
water  for  which  the  rules  of  the  nomendature  need  at  present 
be  explained. 

49.  Bases,  —  These  we  call  simply  hydrates,  and  for  the 
specific  name  we  take  the  name  of  the  positive  radical,  chang- 
ing the  termination  into  ie  or  ouSy  and  using  such  prefixes  as 
circumstances  may  require,  thus :  — 

New  Names,  Old  Names. 

K'O'H  is  Potassic  Hydrate  or  Hydrate  of  Potassa 

Ca^O^H^  ^   Calcic  Hydrate      "  Hydrate  of  Lime 

Fe-Oi-H^  "   Ferrous  Hydrate   «    j  ^^Trf  Iron^""*^' 

Fe^m.  "   Ferric  Hydrate      "    j  "^^'^ol  iLt^"'^^ 

n 
{0-Fe-Fe-OyO^=H^  «    Diferric  Hydrate,  the  mineral  Gothite. 

50.  Acids,  —  The  inorganic  acids  all  take  their  specific  names 
from  the  name  of  the  most  characteristic  element  of  the  nega-  * 
tivc  radical,  which  is  modified  by  terminations  and  prefixes  as 
before,  only  the  last  are  usually  taken  from  the  Greek  rather 
than  the  Latin.     Here  the  old  and  the  new  names  coincide. 

H-O-NO^  is  called  Nitric  Acid 

II^O^-SO^  "       "       Sulphuric  Acid 

IlrO^SO  "      "       Sulphurous  Acid 

n 
//,=0r('S-0-5)     "      «       Hyposulphurous  Acid 

The  specific  names  of  the  organic  acids  are,  as  a  rule,  arbitrary, 
like  tartaric  acid,  citric  acid,  malic  acid,  gallic  acid,  uric  acid, 
and  the  like. 

51.  Salts,  —  The  name  of  a  salt  is  formed  from  the  name 
of  the  acid  from  which  the  salt  is  derived,  preceded  by  the 
names  of  the  basic  radicals.  When  the  name  of  the  acid  ends 
in  ic  the  teriQination  is  changed  into  ate,  when  in  ous  into  ite. 
Moreover,  the  terminations  ous  and  to  are  retained  in  connec- 
tion with  the  name  of  the  basic  radical,  and  such  prefixes  are 
used  as  may  be  necessary  for  distinction,  thus :  — 
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Ca-O^CO 


n 


Ca-Oi^{S-0'S)  . 


Ba=0^=SO 


New  Names.  Old  Names, 

b  Calcic  Carbonate       or  (Carbonate  of 

(     Lime 

«  Calcic  Hyposulphite  "      Hyposulphite 


"  Baric  Sulphite 
"  Ferrous  Sulphate 
"  Ferric  Sulphate 


t( 


it 


<( 


(Sulphite  of 
Baryta 
fProtosulphate 
of  Iron 
f  Persulphate  of 
Iron 


(iV//^),  Mg^O^PO  "   Ammonio-magncsic  Phosphate 

Ht  (^Nlljy  Na^O^^PO     "  Ilydro-ammonio-sodic  Phosphate. 

The  terms  "acid"  and  "basic"  have  been  used  as  parts  of  the 
name  of  a  salt  very  confusedly.  We  would  propose  to  limit 
this  special  use  of  these  words  to  such  salts  as  still  contain 
atoms  of  hydrogen,  replaceable  by  a  radical,  basic  in  the  first 
case  and  acid  in  the  other.  This  use  has  been  followed  on 
page  87,  where  the  distinction  has  been  pointed  out  between 
salts  of  this  class  and  those  basic  and  acid  salts  whicli  may 
be  regarded  as  formed  by  the  cementing  together  of  several 
radicals  into  a  single  complex  group.  Salts  of  this  last  kind 
we  would  distinguish  by  appropriate  prefixes,  but  as  examples 
of  names  of  both  forms  have  already  been  given  on  the  page 
cited,  it  will  be  unnecessary  to  muhiply  them  here. 


Questions  and  Problems, 

1 .  Give  the  names  of  the  compounds  represented  by  the  follow- 
sjnnbolfl :  — 

a.  KCl\        K^O;        K^S;        X^^OfSO;        K.f0.fSO,; 
K.r0.r(S-0-S); 

b.  FeO'.    F^Oi-H^;  Fe-Oi-CO;   Fe^OfCAi^    {.Fe^Y-O^-, 
Fe^O^H^;     lFe,'\lOi{NO^\ 

c.  ECU    H-F',     H-O'NO^',     HONOy     RfO^-SO.,i 

d.  Hg-Ck\    l^g^yCk;     Ou^Si    lOthj-S;    Pbl^;    KBr; 
[^yiO,;  ZnO 
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/     N-N\     N^O;     NO; 
JUn^O^i    Mti^O^i    MnOf, 


H^a/O^PO;  ByNa'O^COi 


N0^\     N^Oti    JViO,;    IfiiO; 


2.  Write  the  symbols  of  the  following  componncU  : 
a.  Calcic  Sulphide;  Calcic  Sulphite;  Calcic  HTpoBolpbite ;  Cal- 
cic Sulphate ;  Calcic  Hydrate ;   Calcic  Sulphohydnte ;  Calcic  Car- 
bonate ;  Calcic  Sulphocarbonate ;  Calcic  Silicate. 

h.  Water;  Putassic  Hydrate;  Nitric  Acid;  Potaanc  Nitrate; 
Nitric  Anhydride;  Potassic  Oxide. 

c.  Magnesic  Oxide;  Magnesic  Hydrate;  Magnestc  Nitrate; 
Magnesic  Carbonate;  Magnesic  Phosphate;  Ammonio-inagnesio 
Phosphate. 

d.  Cuprous  Chloride ;  Cnpric  Chloride;  Ferrous  Chloride;  For-. 
ric  Chloride;  Sulphurous  Anhydride;  Sulphuric  .Anhydride; 
Phosphorous  Anhydride  ;  Phosphoric  Anhydride. 

N.  B.  Examples  like  the  above  should  be  greatly  multiplied  by 
the  teacher,  pains  being  taken  to  group  together  the  names  and 
symbols  in  the  way  best  calculated  to  exhibit  their  relations  and  to 
assist  the  memory. 
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soLnnod  axd  diffdbios. 


,  Solution.  —  The  solvent  power  of  water  18  one  of  ihe 

Dst  &miliar  Gicts  of  common  exjierience,  anil  all  liijiiit]^  po^- 

a  llm  same  [loiver  lo  a  greHter  or  leas  degree,  hat  ihcy  differ 

'  ffidely  from  endi    other  in  the  niHnlfet^tatloii  of  ibeir 

t  ijower.  which  for  each  liquid  is  uMuilly  limited  to  a 

)  of  solids.     Tims  iiiercurf  is   the  appropriate  goI- 

wials,  olcoliol  of  rc-fina,  ether  of  fat-,  and  water  o\'  atilla 

inilar  eompounda  of  its  own  type.     Wuter  is  hy  lar  tho 

iv«nal  Bolveol  known,  and  for  this  reason,  as  wel(  aa 

It  of  its  very  wide  dilTuaioii  in  nature,  it  hecomes  the 

n  of  inost  cheroical  change?.     The  phenomena  of  aqueoua 

blntiim  form  ilii^fore  a  very  imporlant  subjeet  of  cliemical 

rj,  Kfid  these  alone  will  be  considered  in  this  connection. 

e  tolvc-nl  power  of  water,  even  on  bodies  of  ita  own  type, 

)  tery  jrrearly.     Some  solids,  like  potaasic  carbonate,  or 

;  rhtoridi',  liquefy  in  the  atmoaphere  by  absorbin<r   the 

I  it  contains.     Kucli  salts  are  aaid  to  deliqur.sce,  and  are 

1  liquid  by  a  very  small  proportion  of  water.     Other 

I,  like  calcic  aulpliate,  require  for  solution  severul  huiidred 

i  their  weight  of  water,  and  others  again,  like  baric  stil- 

i,  arc  practically  insoluble. 

8  general  rale  the  aolvent  power  of  water  increa^ea  with 

a  tem|>eraliire;  but  here,  again,  we  observe  the  greatest  dif- 

i  between  different  substances.     While  the  solubility 

e  salts  iiicreuses  very  rapidly  with  the  tempernlure,  that 

;rs  increiMcs  not  at  all,  or  only  very  slightly ;  and  tliero 

9  a  few  which  are  attunlly  more  aoluble  in  cold  w;iier  than 

B  hot.     The  Bolubility  of  each  substance  is  absolutely  definile 

a  given  temperature,  and  we  can  determine  by  experiment 

t  amount  which  lOO  parts  of  water  will  in  any  case 

oltre.    The  results  of  such  experiments  are  best  represented 

B  by  means  of  a  curre  drawn  as  in  the  accompanying 

jcipic*  of  analytical  geometry. 


SOLUTIGX  ASn  7)irFL-SI0N. 


The  fif^uresoD  tl»>  liori/onlal  linn  inOicale  de^rfie?  of  temper* 
ture.  niui  Uinse  on  ihe  vprii<:al  line  paHs  t.f  salt  soliibk  hi  JOO 
parts  of  water.  To  find  Ilie  iotubility  of  ati  j'  salt,  for  a  stated 
tempprnlure,  tlic  curvu  being  given,  wu  have  on!/  to  fuliow  op 
Ihe  vertical  line  corresponding  to  ilie  temppruture  until  il 
reaches  the  curve,  and  then,  nt  the  end  of  the  hori):oiiml  line 
which  inler^clB  the  curve  at  ihe  same  point,  wn  liud  tlit?  num- 
ber of  partH  rei]nired.  These  curvea  alao  show  in  ench  casB 
Ihe  law  wliich  Ihe  change  of  solubility  obeys. 

When  H  liquid  haa  dissolved  all  of  a  aolid  lliiit  It  ia  capable  of 
holdio"  at  the  lemp.trature,  it  is  siiid  lobe  salurated  ;  but  wb«a 
Btituratpd  witli  one  solid  the  liquid  will  Etill  i-xcrt  a  sulvcnl 
power  over  others ;  indeed,  in  some  casea  the  solvent  power  u 
thereby  increased.  When  several  salts  are  dissolved  loselher 
in  water,  a  definite  amount  of  metathesis  seems  always  la  take 
place,  and  the  different  posilive  radicals  are  dividod  brtwcco 
the  several  acids  in  proporlions  which  depend  on  ibe  rthwiw 
Strength  of  their  affniiliea,  and  on  the  quantities  of  each  pres- 
ent. If  in  this  way  either  an  bsolubic  or  a  volalils  product  H 
formed,  the  t»)1id  or  ibc  gas  at  once  falls  out  of  the  sdIuIios. 
and,  the  equilibrium  being  thus  destroyed,  a  new  melathe&it 
takes  place,  and  this  goes  on  bo  lotjg  as  any  of  these  products 
can  be  formed.  Here,  then,  ive  find  a  i^imple  exjilanalion  of  die 
two  importanl  laws  already  slated  on  pstgn  37. 
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A3.  Solution  of  Gases. —  Most  liquids,  but  especially  water 
A  alcoUoI,  i-xcrt  on  guau^  a  greater  or  less  Bolvenl  puwer, 
liidi  U  laai'K-d  hj  diSereiices  of  tDanifealalioii  eimilsr  to 
OM)  we  hitvt-  nlreudj  studied  ui  the  case  of  solids,  although 
■  |ircutiiir  pliysidd  conditions  of  tlie  gas  lomeiv.lial  rooUiiy 
«  naiilt.  U>idt:r  the  snme  conditions,  tlie  volume  of  gas  dis- 
id  olwajt  tike  frame )  but  it  vuriei  with  the  pressure  uf 
«  pm  on  lb«  SurfiiL'e  of  the  liquid,  with  the  tcnipernturc,  and 
ilfa  tbo  |>eculiur  luiture  of  iha  gas  and  the  ahsorbin<;  liquid. 
ba  f[0«Dtity'  of  gas  dissolved  by  one  cubic  centimetie  of  a 
^Uid  on  which  it  eserta  ft  pressure  of  7G  c.  m.  is  called  the 
Mflkietit  of  ab»Dr{ition.  This  coefiicient,  in  almost  every  iu- 
KOeu,  iliniini?h(-H  with  the  temperature ;  hut,  as  in  the  cuse  of 
^B/S%  eacli  substance  obt^ys  a  law  of  its  own,  which  must  be 
by  experimcriL  The  observed  values  for  several  of 
10  b«t  known  gn.iP8,  when  absoibeil  by  water  and  alcohol,  ara 
iwn  iu  the  Cbemictd  Phyaics,  Table  VJI.  With  these  data 
'e  MR  tftuily  calculate  the  qtiiuilily  of  any  of  lhe=e  gases  which 
given  volume  of  water  or  alcohol  will  absoi'b,  assuming  that 
»  gH3  eserls  on  the  liquid  a  pressure  of  76  c.  m.  Moreover, 
aoo  tht  quantity  of  a  gas  absorUd  liy  a  liquid  varies  directly 
I  tf*  pTvuure  which  the  gas  exerts  upon  it,  we  tan  easily 
■lesilatc  from  the  first  result  the  quaniity  ab.-orbed  at  any 
iren  pressure.  Again,  it  is  a  direct  consequence  of  the  la&t 
rinciple  tJiat  at  a  fisied  temperature  a  given  mass  of  liquid  will 
bwrfve  tlte  same  voltima  of  gas,  whatever  may  be  the  pressure. 
astly,  if  a  mnss  of  liquid  is  exposed  to  an  atmosphere  of 
lixed  ga!>es.  it  will  absorb  of  each  the  same  quantity  as  if  this 
19  was  alone  present  and  exerting  on  the  liquid  the  same 
irtial  pressure  which  falls  to  its  share  in  the  atmosphere. 
W  unDunt  dissolved  of  each  gas  is  easily  calculated  when  the 
pressure  and  the  coefficient  of  absorption  are  known. 
Is  thus  lliat  water  absorbs  the  oxygen  and  nitrogen  gases  of 
r  lerTe*trtal  utmivphere  i  and  the  fact  that  these  two  gases 
5  firand  dissolved  in  tlie  ocean  in  very  different  proportions 
101  thow  prewnl  in  the  atmosphere  is  a  conclusive  proof  thai 
G  «lr  b  a  mixture,  and  not,  as  was  formerly  supposed,  a  chem- 
ilflompound. 


110 


SOLUTION  AND  DIFFDSION. 


G4.  Solution  and  Chtmieal  Change. —  There  seems  nt  t 
sight  to  be  a  wiiJo  difllTence  between  solution  mid  cliem 
cliange  ;  for,  while  in  the  first  the  solid  body  becomes  i 
through    [he  liquid   meuBtniaai  wiihout   losing    ita    chei 
identity  or  destroying  that  of  the  liquid,  lliere  a  i 
a  complete  identiflcation  of  the  combinitig  suliBtances  i: 
resulting  compouod. 

Tlie  £ame  wide  diSerenee  appears  also  between  mechu 
and  chemical  solution,  svliiuh  are  sometimes  confounded  1 
Btuilcnt^,  because,  unfortunately,  the  some  term  has  been  appBc 
to  both.  When  aalt  or  sugar  is  dissolved  in  water, 
differences  between  salt  and  solvent  are  preserved  ;  but  wli| 
challc  is  dissolved  in  hydroi-hloi'ic  acid,  or  copper  in  nitric  m 
tiiere  is  a  complete  identification  of  the  differenea  i 
resulting  com|)ound ;  and  ibe  only  ground  for  calling  ■ 
chemical  changes  solution  is  tite  fact  that  Ibe  solution  0'~ 
resulting  salt  in  the  water,  used  as  the  medium  of  the  c 
change,  is  frequently  an  essential  condition  of  the  prooe«Si 

But  if,  instead  of  comparing  extreme  cases,  we  studj 
whole  range  of  clieroical  phenomena,  we  shall  find  that  \ 
distinction  is  by  no  means  so  clearly  marked.     In  many  e 
what  seems  to  be  a  simple  solution  can  be  shown  to  be  s 
effect  at  least  of  solution  and  chemical  eomblnatioa ;  t 
tween  tliis  condition  of  things,  whore  the  evidence  of  cbe 
combination  is  umnislaliable,  and  a  simple  solution,  like  tl 
sogar  in  water,  we  have  every  degree  of  gradation.    To  8 
an  extent  is  tliis  true,  that  the  facts  seem  to  justify  the  Ofdol 
that  solution  is  in  every  case  a  chemical  comliination  0~ 
substances  dissolved  with  the  solvent,  and  lliat  it  ditfers 
Otlier  examples  of  chemical  change  only  In  the  wcaluicss  oi\ 
combining  force. 

Tlie  metallic  alloys  afford  another  strilting  illustration  of  i 
same'principle.     They  are  originally  solutions  of  one  nieial  I 
anoilier ;  but  in  many  cases  the  result  is  greatly  modified  by 
the  chemical  alSnities  of  the  metals  and  their  tendency  to  fonn 
definite  chemical  ci)mpoun<ts. 

65.  Liquid  Diffution.  —  Closely  connected  with  tho  pbe- 
nomena  of  solution  are  those  of  liquid  diffusion.  ThcM  phe- 
nomena lany  be  studied  in  their  simplest  fonii,  1>y  placln;r  » 
open  via]  tilled  -with  a  solulion  of  some  suit  in  a  mudi  large 
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rofliure  wnter,  a.;  shown  in  Pig.  3,  and  focnrefiilly  arrnnging 
i:  dctuila  of  the  experiment  ihat  Ihe  Burl';icps  of  the  iwo 
{utdi  may  be  brouglit  in  coniaci  without  mixing  them  ine- 
■flicully.  It  will  then  ha  Tuurid  that  the  salt  molecules  wilt 
rtrly  c«:a|>e  from  the  vial  nnd  spread 
roagliout   the    whnlo   volume    of  the  "^'^ 

»ter.  The  rule  of  the  diffusion  in- 
wwes  wiib  the  lerapcniluro  equally 
t  all  Euh-titnL-e::,  and  tlio  whole  pbe- 
noanoa  i«  jtrobably  caused  by  lliat 
ime  mokvular  loolion  lo  whii'h  we 
At  the  tflect*  of  beai.  At  best,  how- 
nr,  the  diffusion  is  very  slow,  as  we 
■raid  cxpift,  rnnsidi^ring  the  limited 
Mdooi  of  motion  wliioh  the  liquid  . 
tibeaha  poecesh  It  la  found,  also,  that 
tt  MM  of  difiiiaion  differs  very  ^rently 

r  llw  different  soluble  F'AIi^  ;  but  these  mity  be  divided  into 
mqia  of  equidifTu.'ive  subslnneL'?,  and  the  rales  of  diffusion  of 
n  sererttl  gi«u(ta  bear  to  eaeh  other  simple  nuroeriual  ratioa. 
'»  mixture  of  siilt.4  be  placed  in  the  vial,  it  is  found  that  the 
iVBcnce  of  one  salt  nffeet*  to  some  ilegree  the  diffusion  of  Ihe 
Iter :  but  if  Ibo  difr<-r<-iice  of  rate  is  considerable,  a  partial 
IMnuion  may  be  effeeied,  and  even  weak  chemical  compounds 
mf  lie  ihu'i  riccom posed. 

fi6.  Crffttallaitli  and  CoUmds.  —  There  is  n  very  fin^at  differ- 
MM  of  diffusive  power  between  Ihe  onllnary  erysinlline  salts 
Dcludin;;  mu-t  of  the  common  acid^  and  bnscsi)  and  goeh  sub- 
■noes  ta  gum,  caramel,  gelatine,  and  albumen,  which  ara 
icapshle  of  cryslal lining,  nnd  whieh  give  insipid  visci-i  solu- 
TOs  readily  forming  into  jelly;  hence  the  name  colloids,  from 
Vktf.  rIub.  The  last  class  is  dislinguished  by  n  remarkable 
ug^i*bne!>a  and  indispftiiition  lo  diffu:<iDn;  as  is  illuaii'Hied  by 
IS  fnrl  tliiit  eugnr,  one  of  Ihe  least  diffusible  of  the  cry^tulloida, 
iffiues  nevrn  limes  more  rapidly  than  albumen,  and  fntirlcen 
Des  more  mpidfy  ihan  caramel.  Our  theories  would  lead  na 
btdieve  that  this  great  difference  of  diffusive  power  \*  caused 
'  thn  fact  lluit  the  molecules  of  colloids  are  for  more  complex 
imJR  Bg^regstea  than  ibfl»e  of  crystalloids,  and  therefore  ar« 
■nttrtnil  more  more  slowly.     Moreover,  ibe^illhaive  power 
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is  only  one  of  many  cliaracters  which  point  to  a  great  molecu- 
lar difference  between  these  two  classes  of  substances, 

57.  Dialysis,  —  The  difference  of 'diffusive  power  between 
the  two  classes  of  compounds  distinguished  in  the  last  section 
is  still  further  increased  when  the  aqueous  solution  is. separated 
from  the  pure  water  by  some  colloidal  membrane,  and  upon  this 
fact  Professor  Graham  of  London,  to  whom  we  owe  our  whole 
knowledge  of  this  subject,  has  based  a  simple  method  of  sepa- 
rating crystalloids  from  colloids,  which  he  calls  dialysis. 

A  shallow  tray  is  prepared  by  stretching  parchment  paper 
(which  is  itself  an  insoluble  colloid)  over  one  side  of  a  gutta- 
percha hoop,  and  holding  it  in  place  by  a  somewhat  larger  hoop 
of  the  same  material.  The  solution  to  be  dialysed  is  poured  into 
this  tray,  which  is  then  floated  on  pure  water  whose  volume 
should  be  eight  or  ten  times  greater  than  that  of  the  solution. 
Under  these  conditions  the  crystalloids  will  diffuse  through  the 
porous  septum  into  the  water,  leaving  the  colloids  on  the  tray, 
and  in  the  course  of  two  or  three  days  a  more  or  less  complete 
separation  of  these  two  classes  of  substances  will  have  taken 
place. 

In  this  way  arsenious  acids  and  similar  crystalloids  may  be 
separated  from  the  colloidal  materials,  with  which,  in  cases  of 
poisoning,  they  arc  frequently  found  mixed  in  the  stomach  ;  and 
by  an  apj)lication  of  the  same  method  alumina,  ferric  oxide, 
chromic  oxide,  stannic,  mctastannic,  titanic,  molybdic,  tungstic, 
and  silicic  acids  have  all  been  obtained  dissolved  in  water  in  a 
colloidnl  coudition.  All  these  substances  usually  exist  in  a 
crystalline  condition.  The  colloidal  condition  appears  to  be  an 
abnormal  state,  and  in  almost  all  such  substances  there  is  a 
tendency  towards  the  crystalloid  form. 

08.  Diffusiim  of  Gases.  —  Gases  diffuse  much  more  rapidly 
than  licpiids,  as  we  should  naturally  expect  from  the  greater 
freedom  of  motion  which  their  molecules  possess.  Moreover, 
if  the  theory  of  the  molecular  condition  of  gases  is  correct,  we 
ought  to  be  able  to  calculate  the  relative  rates  of  diffusion  of 
different  gases  from  their  respective  molecular  weights.  If  it 
is  true,  as  stated  on  page  13,  that  at  any  given  temperature 

then  it  follows  that 

F:  P  =  v^Jm' :  Vim  =  ^Sp.  Gr'. :  >/Sp.  Or. 
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Hence,  if  t^  masses  of  gas  are  in  contact,  the  molecules  of 
either  gas  must  move  into  the  space  filled  by  the  other  with 
velocities  which  are  inversely  proportional  to  the  square  roots 
of  the  respective  specific  gravities.  If  one  gas  is  hydrogen  (  Sp. 
Gr.  =  1),  and  the  other  oxygen  (Sp.  Gr.  =-.  16),  the  molecules 
of  hydrogen  must  move  past  the  section  separating  the  two 
masses  four  times  as  rapidly  as  those  of  oxygen ;  and,  since  all 
gas  molecules  occupy  the  same  volume,  it  follows  further  that 
four  volumes  of  hydrogen  must  enter  the  space  filled  by  the 
oxygen,  while  one  volume  of  oxygen  is  passing  in  the  opposite 
direction  Numerous  experiments  have  fully  confirmed  this 
theoretical  deduction,  and  the  close  agreement  between  theory 
and  experiment  furnishes  important  evidence  in  favor  of  the 
theory  itself.  Such  experiments  can  be  made,  moreover,  with 
great  accuracy,  since  the  molecular  motion  is  not  arrested 
by  various  porous  septa,  which  may  be  used  to  separate  the 
two  masses  of  gas,  and  which  entirely  prevent  the  passage  of 
gas  corrents  that  might  otherwise  vitiate  the  results. 
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COMBUSTION. 

59.  Tfie  Atmosphere.  —  The  earth  is  surrounded  by  an  ocean 
of  aeriform  matter  called  the  atmosphere,  and  many  of  the  most 
important  chemical  changes  which  we  witness  in  nature  are 
caused  by  the  reaction  of  this  atmosphere  on  the  substances 
which  it  surrounds  and  bathes.  The  great  mass  of  the  atmos- 
phere consists  of  the  two  elementary  gases,  oxygen  and  nitro- 
gen, mixed  together  in  the  proportions  indicated  in  the  follow- 
ing table :  — 

Air  Composition  romp(»sition 

coutainfl.  By  Volume.  By  Weight. 

Oxygen,  20.96  23.185 

Nitrogen,  79.04  7C.815 

lOOT"  lOlK 

That  the  air  is  a  mixture,  and  not  a  chemical  compound,  is 
proved  by  the  action  of  solvents  upon  it  (§  r)3)  ;  but,  neverthe- 
less, the  analyses  of  air  collected  in  different  countries  and  at 
different  heif!:hts  in  the  atmosphere,  show  a  remarkable  con- 
stancy in  its  composition.  Besides  these  two  gases,  which  make 
up  over  03  per  cent  of  its  whole  mass,  tin;  air  always  contains 
variable  (|uantilies  of  aqueous  vapor,  carbonic  anhydride,  and 
ammonia,  and  sometimes  also  traces  of  various  oth(»r  gjiscs  and 
vapors. 

GO.  Jhinihtf/,  —  Of  the  two  chief  constituents  of  the  atmos- 
phere, nitrojjjfMi  gas  is  a  very  inert  substance,  and  s(?rves  chiefly 
to  restrain  its  more  enerjretic  associate.  Oxygen  gas,  on  the 
other  iiand,  is  endowed  with  highly  active  affinities,  and  tends 
to  enter  into  combination  with  other  elementary  substance^*, 
and  with  many  compounds  which  arc  not  already  saturated 
with  this  all-pervading  element.  Many  of  these  substances, 
such  as  phosphorus,  sulphur,  petroleum,  coal,  and  wood,  have 
such  a  strong  affinity  for  oxygen,  that,  under  certain  conditions, 
they  will  absorb  it  from  the  atmosphere,  and  combine  with  it 
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under  the  emotion  of  heat  and  light  These  substances  are 
said  to  be  combustible,  and  the  process  of  combination  is  called 
combustion.  Moreover,  all  butning  with  which  we  are  familiar 
in  common  life  consists  in  the  union  of  the  burning  body  with 
the  oxygen  of  the  air.  The  chemical  process  in  these  cases 
•may  be  expressed,  like  any  other  chemical  reaction,  in  the  form 
of  an  equation. 

Burning  of  Hydrogen  Gas. 

Hydroffen  Oai.  Aqneous  Vapor. 

2511-51  +  ®=®  =  21^3®.  [53] 

Burning  of  Carbon  {Charcoal), 

Cftrbon.  Carbonic  Anhydride. 

€  +  ®<fi)  =  ®®a.  [54] 


Burning  of  Benzole. 

Benzole. 

2cgoiac  +  15®=®  =  12(3®3  +  65II2®.  [55] 


Burning  of  Alcohol. 

Alcohol. 

®^e®  +  3®0  =  20®,  +  35II2®.  [56] 


Burning  of  Sulphur. 

Sulphurous  Anhydride. 

0=^  +  2®^  =  m^r  [57] 


Burning  of  Phosphorus. 

I'hosphoric  Anhydride. 

IP:?S>a  +  6©=®  =  2  P,Oy  [58] 

Burning  of  Magnesium, 

MeirncHiir  Oztde. 

2  IMg  +  ®=®  =  2  MgO.  [59] 

The  four  substances,  hydrogen  gas,  charcoal,  benzole,  and 
alcohol,  may  be  regarded  as  types  of  our  ordinary  combustibles ; 
and,  as  the  first  four  reactions  show,  the  products  of  their  com- 
'bustion  are  aeriform.  Moreover,  these  products  are  wholly 
devoid  of  any  sensible  qualities,  and  hence  the  apparent  annihl- 
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lation  of  the  burning  substance,  and  the  reason  that  for  so  long 
a  period  the  nature  of  the  process  remained  undiscovered.  That 
these  qualities  of  the  products  of  ordinary  combustion  are  not  ne- 
cessary conditions  of  the  process,  but  remarkable  adaptations  in 
the  properties  of  those  combustibles  which  are  our  artificial 
sources  of  light  and  heat,  is  shown  by  the  fact,  that,  in  the  last 
two  reactions,  the  products  of  the  combustion  are  solids,  while 
in  [57]  the  product  is  a  noxious  suffocating  gas. 

A  ciireful  inspection  of  the  reactions  will  also  teach  the 
student  several  other  important  facts  in  regard  to  the  processes 
here  represented.  It  will  be  seen  that,  in  the  burning  of 
hydrogen  gas,  two  volumes  of  hydrogen  gas  and  one  volume 
of  oxygen  gas  combine  to  form  two  volumes  of  aqueous  vapor. 
It  will  further  be  noticed,  that,  in  the  burning  of  carbon  and. of 
sulphur,  a  given  volume  of  oxygen  gas  yields  in  each  case  its 
own  volume  of  the  aeriform  product.  The  carbon  in  the  one 
case,  and  the  sulphur  in  the  other,  are  absorbed,  as  it  wore,  by 
the  gas,  without  any  increase  of  volume.  Further,  if  the  ex- 
periments are  made,  which  these  reactions  represent,  it  will 
appear  that,  in  all  those  cases  where  the  combustible  is  repre- 
sented as  a  gas,  the  combustion  is  accompanied  by  ilame,  while 
in  the  ca<e  of  ciirbon,  which  is  a  fixed  solid,  there  is  no  proper 
flame.  Hence  we  learn  that  flame  is  burning  gas,  and  that 
only  those  substances  burn  with  flame  whicli  are  either  gases 
themselves,  or  which,  at  a  high  temperature,  become  vola- 
tilized, or  generate  combustible  vapors.  Still  other  important 
facts  connected  with  the  process  of  combustion  will  be  learned 
by  solving  the  following  problems  according  to  the  rules  al- 
ready given  (§§  24  and  25). 

Problem.  IIow  many  cubic  centimetres  of  hydrogen  gas, 
and  how  many  of  oxygen  gas,  are  required  to  form  one  cubic 
centimetre  of  liquid  water  ?^  Ans.  1,24:0  cm  of  hydrogen 
gas,  and  G20  c  m  of  oxygen  gas. 

Problem.  IIow  many  cubic  metres  of  air  are  required  to 
burn  448  kilogrammes  of  coal,  assuming  that  the  coal  is  pure 
carbon  ?  Ans.  833.333  m*  of  oxygen  gas,  or  3,975.83  m*  of 
atmospheric  air. 

1  Here,  as  in  all  other  problems  throughout  the  book,  it  is  understoodf  unless 
otherwise  expressly  stated,  that  the  measurements  and  weights  are  all  takoi  at 
the  Btaadard  temperature  and  pressure.    (Compare  ^^  10  and  18.) 
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Problem.  How  manj  cubic  metres  of  carbonic  anhydriile 
e  formed  by  liie  burning  of  1,000  kilogrumiues  of  coal,  na- 
ming, as  bclbre,  that  llie  t'oul  b  pure  carbon?      Ads.  I,SC0. 
Problem.    How   nuiny   Hires   of  carbonic  anbydride,  and 
how  rnnny  of  aqueous  vujior,  would  be  Ibrmed  by  burning  one 
litre  of  benzole  Vapor  ?    Aas.     Him;)k  inspection  of  ilie  equa- 
Uon  eliowa  ihat  6  litres  of  tUe  first  and  3  litres  of  ihe  second 
would  be  formed. 

Problem,  lion  many  litres  of  carbonic  anhydride,  and  bow 
RUiny  of  aqueous  vapor,  would  be  formed  by  burning  one  litre 
iquid  alenbol  (  CJI^O]  ?  Sp,  Gr.  of  liquid  at  0°  =  0.815. 
.Aiu>  One  litre  of  iilcoliol  weigba  815  grj^mmcj  or  0,097  criiby, 
unc«  the  Sp.  Gr.  of  alcohol  vapor  'n  23,  ibis  quantity  of 
lii{aid  would  yield  S9J.G  litres  of  vapor.  Hence  ibere  would 
twfnrmed  2  X  395.6^70]. 3  litres  of  carbonic  anbydnde,and 
8  XS'-)-'''C=l,lSG.8  litres  of  aqueous  vapor. 

61.  Jletzt  of  Combutlion.  —  The  reacliuna  of  ihe  last  seclion 
rtpre^tni  only  tbc  eliemical  changes  in  ihc  proce.-sea  of  burning. 
The  )»by&ical  effects  which  accompany  the  chemical  changes 
cur  equulions  do  not  indicate,  but  it  is  these  remarkable  mani- 
fntations  of  power  which  chiefly  arrest  the  student's  attentinn, 
"  on  tliis  power  (be  importance  of  the  processes  of  cumbua- 
Hon  ns  sources  of  beat  and  light  wholly  depends. 

The  immediate  cause  of  the  power  developed  in  the  process 
of  combustion  is  to  bo  found  in  the  dushlng  of  material  atoms. 
ITi^ed  by  that  imroensely  powerful  attractive  force  we  call 
nictil  affinity,  the  molecules  of  oxygen  in  Ihe  surrounding 
Iktmoppburc  ru^li,  from  all  direclions,  and  with  an  incalculable 
Telocity,  upon  the  burning  body.  The  molecules  of  oxygen 
liia>  acquire  an  enormous  moving  power;  and  when,  at  tbo 
nument  of  chemical  union,  the  onward  motion  is  arrested, 
thi*  morinj;  power  is  distributed  among  the  surrounding,  mole- 
«n[ei,  and  is  munifc^led  in  the  phenomena  of  heat  and  light* 
(Compiftfe  I  13.) 

I  A«wr4tiiR  tn  nur  bent  knnwtciliic,  Hie  jihfnorncnft  Df  light  Dm  ttnitoly 
•norlirr  nrnuirV'tnllnn  nt  lh«  utma  njolBrulHT  mnllnti  wh<oh  omuhs  tin  ptM- 
numviui  of  liciii.  Wlion  vre  tpaak  at  tli«  nmnunt  <if  lionl  prodaocd,  w«  rahr 
al>iiTi  In  ttic  tiirnl  aimmnl  'if  int)]eauliu'  iiHitlan;  nllhnngh,  itnn  tn  Ih*  RMtt 
brflOsal  (llumiiiBilon,  tlw  Binonnl  of  mMh«ni«»l  powfir  mnnliViipd  i»  llglit 
•ppcm  Ib  I»«  iocomiiUmUle  a>  jum[iiucj  wiiU  llint  wUittli  uliia  'he  fomi  of 
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• 


Hydrogen, 

34,462 

Marsh  Gas, 

13,003- 

defiant  Gas, 

11,858 

Ether, 

9,027 

Alcohol, 

7,184 

The  quantity  of  heat  evolved  during  combustion  varies 
very  greatly  with  the  nature  of  the  combustible  employed,  but 
it  is  always  constant  for  tlie  same  combustible  if  burnt  under 
the  8am(^  conditions,  and  is  exactly  proportional  to  the  weight 
of  combustible  consumed.  We  give  in  the  following  table  the 
amount  of  heat  evolved  by  one  kilogramme  of  several  of  the 
most  common  combustibles  when  they  are  burnt  in  oxygen 
gas  in  tlieir  ordinary  pliysical  state.  The  numbers  represent 
what  is  called  the  calorific  power  of  the  combustible.  With 
the  exception  of  the  two  last,  which  are  only  approximate 
values,  they  are  the  re>ults  of  very  accurate  experiments 
made  by  Favre  and  Silbermann. 

Calorific  Power  of  Comhustihks, 

Unitf.  milfc 

Sulphur,  2.221 

Wood  Charcoal,  8,080 

Carbonic  Oxide,  2,400 

Dry  Woofl      (about),  3,654 

Bituminous  Coal,  "  7,500 

The  calorific  power  of  our  ordinary  hydrocarbon  fuels  may 
be  calculated  ai)proximatcly  when  their  composition  is  known. 
Most  of  tlie>e  combustibles  contain  more  or  less  oxygen,  and 
it  is  found,  as  might  be  exi)ectod,  that  the  amount  of  heat 
developed  by  the  perfect  combustion  of  the  fuel  is  equal 
to  that  which  would  be  produced  by  the  perfect  combus- 
tion of  all  the  carbon,  and  of  so  much  of  the  hydrogen  as 
is  in  excess  of  that  required  to  form  water  with  the  oxygen 
present.  The  rest  of  the  hydrogen  may  be  regarded,  so  far 
as  relates  to  the  present  problem,  as  in  combination  witii  oxy- 
gen in  the  state  of  water;  and  in  estimating  the  available  heat 
produced,  we  must  deduct  the  amount  of  heat  required  to  con- 
vert, not  only  this  water  into  steam,  but  al<o  any  hygroscopic 
water  which  may  be  present.  Moreover,  if  we  use  in  our  cal- 
culation the  value  of  the  calorific  power  of  hydrogen  given  in 
the  table  above,  we  must  also  deduct  the  amount  of  heat  re- 
quired  to  convert  into  vapor  all  the  water  formed  in  the  process 
of  burning,  because,  in  the  experiments  by  which  this  value 
was  obtained,  the  aijueous  vapor  formed  was  subsequently  con- 
densed to  water  and  gave  out  its  latent  heat 

Problem.  Given  the  average  composition  of  air-dried  wood 
as  in  the  table,  to  find  the  ca\onfve  ^ovier. 


"ttngea  and  Adt,      U4 

idOO 


of  carbon  yield 
"  bjilrogea  " 


COMBUSTION. 

From  the  results  of  analynis  we  easily 

deduce 

Quantity  of  II  in  combination  with  0  41 

"           "     available  as  fuel  7 

Quantity  gf  water  formud  by  burn-l  ,„„ 

ing  48  |)art9  h)dr<^en  J 

Hygroscopic  Water  SOO 

Total  quantity  of  waltr  e^-aporated  632 

.    3,232 


amoitnt  nf  bnot  rer[uired  to  convert  G32 
wftlcr  into  vnpop.    (Scejl^.)  . 


powcrof  air-ilrieil  wood 3,194 

Froto  tliQ  mcclianicnl  equivalent  of  hoat  given  on  page  U, 

nd  from  (he  rlnla  of  the  abovi!  lable,  we  can  easily  calculate 

J  mechanicul  power  developed  in  ordinary  combusiion,  and 

ii«  Rtudent  will  be  aarpriscd  to  find  how  great  lliis  power  is. 

I  burning  of  one   kilogramme  of  charcoal    produces  on 

nraml  of  heat  whicli  is  equivalent  lo  8,080  X  -1^3  ~  3,41 7,840 

ilognmme  melrea ;  that  Is,  ttie  moving  power  ivLich  is  de- 

doped  by  ilic  dashing  of  the  aioma  during  the  combastion 

f  this  amall  amount  of  coal  is  equal  to  that  wbich  would  be 

reduced  by  the  fall  of  a  mass  of  rock  weighing  8,080  kilo> 

mines  over  a  precipice  423  metres  bigh,  and,  could  this 

Dwrr  be  nil  utiliiud,  it  would  lie  adequate  to  rahe  tbe  same 

reigfit  to  the    same  height,  or  to  do  aay  other  equivalent 

maat  of  work.     Tlie  steam-engine  ia  a  machine  for  apply- 

■  thii  very  power  to  produce  mechanical  results  i  but,  unfor- 

tniutel^.  In  (be  be&t  cnginas  we  do  not  utilize  much  more  than 

'  g^  of  the  power  of  the  fuel ;  and  to  find  »  raore  economical 

n*  of  conTerting  heat  into  mechanical  ctToct  is  one  of  the 

it  problem!  of  the  present  nge. 

62.   CtJoriJie  Jjihntifff. — The  calorific  intensity  of  fuel  is  to 

e  carefully  distinguished  from  its  calorific  power.    Sycalarijtc 

owtr  n  meani,  aa  we  have  seen,  tbe  total  quantity  of  heal  ■ 

rrelopMl  by  the  combusiion  of  a  given  amount  of  fuel.     By 

ilortfie  itiiength/,  we  mean    the  maximum  lenipcralurc  de- 

reloiwil  in  the  process  of  combustion.     Pmvided  the  proiiucta 

9  \bo  umo,  ibc  tgttl  tunouDl  of  Lqtt  jiroduccd  in  any  ca^  ia 
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not  materially  influenced  bj  the  rapidity  of  the  process ;  but 
it  is  evident  that  the  temperature  of  the  burning  fuel  will  de- 
pend, other  things  being  equal,  on  the  rapidity  with  which  the 
heat  is  developed  as  compared  with  the  rapidity  with  which  it 
is  dissipated  through  surrounding  objects ;  and,  when  the  com- 
bination with  oxygen  is  very  slow,  the  heat  may  be  dissipated 
as  fast  as  it  is  generated,  and  then  the  temperature  of  the 
burning  body  will  not  rise  above  that  of  the  surrounding  at- 
mosphere, as  is  the  case  in  many  of  the  processes  of  slow  com- 
bustion. 

Assuming,  however,  that  all  the  heat  is  retained  by  the 
products  of  combustion,  we  can  calculate  the  maximum  tem- 
pemturc' which  can  in  any  case  be  produced,  provided  the 
calorific  power  of  the  fuel  and  the  specific  heat  of  the  products 
of  <'omhustion  are  known.  The  calorific  intensity  is  simply 
the  temperature  to  whi(!h  the  heat  generated  by  the  burning 
of  each  portion  of  the  fuel  can  raise  the  products  of  its  own 
conibu-tioii.  Assume  that  the  quantity  burnt  is  one  kilo- 
grnmmis  that  the  calorific  power  or  number  of  units  of  heat 
produced  is  C  that  the  weights  of  the  various  products  of  com- 
bustion are  IP,  )V\  W'\  &f.,  and  that  the  s[)ec!fic  heats  of 
these  products  are  ,S',  S',  S",  &c.  Then  WS  +  W'S'  +  W"S" 
-|-  &c.,  repivsents  the  amount  of  heat  required  to  raise  the  lem- 
peratun»  oK  the  whole  mass  of  the  produ(!ts  one;  centigrade  de- 
gree (§  IC), — and  the  maximum  temperature,  to  which  these 
products  can  be  raise  d  in  the  process  of  combustion,  must  be 

C 

Problem.  Find  th(*  calorific  inten^^ity  of  charcoal  burnt  in  pure 
oxvjren,  and  also  in  air  under  constant  atmospheric  pressure. 

Sohitioii.  r>y  ['>4]  we  easily  find  that  each  kilogramme  of 
carbon  yields,  by  luirninn,  3.07  kilogrammes  of  carbonic  anhy- 
dride, whieh  is  the  sole  product  of  its  combustion  when  burnt 
in  pure  oxygen.  The  specific  heat  of  carbonic  anhydride 
(Chem.  Phys.  235)  is  0.21  G4.  The  calorific  power  of  charcoal 
is  8,080.  By  substituting  these  values  in  [GO]  we  get  7^= 
10,174°. 

When  tlie  charcoal  burns  in  air,  the  3.G7  kilogrammes  of 
carbonic  anhvdride  formed  by  the  combustion  ai*e  mixed  with  a 
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rge  iniiM  of  inert  nitrogen,  which  must  be  rcgardeil  as  one  of 

«  prtdiicU  of  the  combuslioa.     Tiju  wuiglit  of  llii^  uilrogen  is 

ftily  calcolnled  from  Ihe  known  eora[>osilion  of  air  by  weiglit 

|S  59)  and  froni  llie  flmniuiC  of  oxygen  coneumed  in  tlie  proceBa. 

23.2  :  7C.8  =  2.C7  :  :r ;  or  x  =  2.67  X  3.31  =  8.84. 

"We  have  now.  iKsidca  llie  values  given  above,  W  ^  8.81 

ind  &'  ilie  specific  hi'»t  of  nilrogen,  equal  to  0.244.     IVheiice 

P  =  2.7S8'. 

Problem.  Find  ihp  calorific  intensity  of  Iiydrogen  gns  burnt 
n  oixigEH  nad  burnt  in  air. 

Soluliuu.  One  kilogramme  of  h)-drogenyiel<ls9kilograminet 
iTailikoug  vapor.  Tiie  sptcifie  heal  of  HqacooB  vnpor  is  0.4805, 
a  calorifie  jKiwer  of  hydrogen  is  not  so  great  wlien  tlie  gas 
it  btirat  ander  ordinary  conditions  as  that  given  in  (he  (able  on 
Mge  1 '.  8  i  for  in  the  experiments  of  Favre  and  Silbemiann  the 
rapor  'tinned  by  the  combuation  was  anb^queniiy  condensed 
o  WHCfir,  and  giive  out  its  latent  heat,  while  iu  a  burning  Same 
if  hrdiogen  iiosmb  condensation  takes  place.  Hence  C=; 
U^09  —  (537  X  9)  =  29,629.  We  also  liave  B'  =  0  and 
5=0.  480.     Whence  T=  C.853'. 

When  hydrogen  is  burnt  in  nir,  the  nitrogen,  mixed  with  the 
iqmous  vftpor,  weighs  26.49  kilogrammes  and  S  is  tlie  !^nmo 
IB  ID  the  previous  problem.     Whence  7'  ^  2,746°, 

It  xpprars  then  from  these  pi-oblems.  that,  althougli  tiie 
wloriOc  pgwer  of  hydrogen  is  much  greater  than  llint  of  ear- 
on,  ltd  uUorilic  intensity  ia  less.  But  it  must  be  remembered 
iMt  the  conditions  assumed  in  these  problems  arc  never  real- 
ted  in  practice,  for  the  heat  gCTierated  by  the  combustion  is 
erer  wholly  retained  in  ihe  products.  The  proreas  of  eom- 
Wtion  mjuirea  a  eertain  time,  and  during  this  time  a  portion 
r  the  beat  cscnpes.  Moreover,  more  air  pai>se3  through  llie 
BOibnstibio  llian  i*  required  for  perfect  combustion,  and  many 
f  Ihe  data  »hieU  enter  iulo  the  calculation  are  uncertain. 
The  resulw,  iberefore,  can  only  ba  regarded  as  approximate, 
riie  theoretical  conditions  are  most  nenrly  realized  in  a  gas. 
1  efpccinlly  in  ihnt  form  of  burner  known  a*  the 
BoRseti  lamp.  The  temperature  of  the  flamo  of  thta  lamp, 
n  carefully  regulated,  is  very  nearly  thut  wliith  ilio  theoiy 
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G3.  Point  of  Ignition.  —  In  order  that  a  combustible  body 
should  tako  fire,  and  continue  burning  in  the  atmosphere,  it 
must  be  heated  to  a  certain  temperature,  and  maintained  at 
this  temperature.  This  temperature  is  called  the  point  of  igni* 
tion ;  and  although  it  cannot  always  be  accurately  measured, 
and  is  undoubtedly  more  or  less  variable  under  different  con- 
ditions, yet,  nevertheless,  it  is  tolerably  constant  for  each  sub- 
stance. For  different  substances  it  differs  very  greatly.  Thus 
phosphorus  takes  fire  below  the  boiling  point  of  water,  sulphur 
at  260°,  wood  at  a  low  red  heat,  anthracite  coal  only  at  a  full 
red  heat,  while  iron  requires  the  highest  temperature  of  a 
forge.  If  a  burning  body  is  cooled  below  its  point  of  ignition, 
it  goes  out ;  and  our  ordinary  combustibles  continue  burning 
in  the  air  only  because  the  heat  evolved  by  the  burning  main- 
tains the  temperature  above  the  required  point.  If  the  tem- 
perature of  the  combustible  is  not  maintained  sufficiently  high, 
either  because  tlie  chemical  union  is  too  slow,  or  because  the 
calorific  power  is  too  small,  then  the  combustible  will  not  con- 
tinue? to  burn  in  the  air  of  itself,  although  it  may  burn  most 
readily  if  its  temperature  is  sustained  by  artificial  means. 
Hence  many  of  the  metals  which  will  not  burn  in  the  air 
burn  reailily  in  the  flume  of  a  blowpipe,  and  an  iron  watch- 
spring  burns  like  a  match  in  an  atmosphere  of  pure  oxygen. 
The  calorific  intensity  of  all  combustibles,  when  burnt  in  the 
atmosphere,  is,  as  wo,  have  seen,  greatly  reduced  by  the  pres- 
ence of  nitrogen ;  and  hence  it  is  that,  although  the  burning 
watch-spring  is  niainlained  above  the  point  of  ignition  in  pure 
oxygen,  it  soon  falls  below  this  temperature,  and  goes  out 
when  ijjnited  in  the  air.  Thus  it  is  that  the  nitrogen  of  our 
atmosi)here  exerts  a  most  important  influence  on  the  action  of 
the  fire  eleini;nt ;  and  it  can  cjisily  be  seen  that^  were  it  not  for 
these  provisions  in  the  constitution  of  nature,  by  which  the 
active  energies  of  oxygen  are  kept  within  certain  limits,  no 
combustible  material  could  exist  on  the  surface  of  the  earth. 

64.  Calorifc  Power  derived  from  the  Sun.  —  The  great  mass 
of  the  crust  of  our  globe  consi>ts  of  saturated  oxygen  com- 
pounds, or,  in  other  words,  of  burnt  materials;  and  the  total 
amount  of  combustible  materials  which  exists  on  its  surface  is, 
comparatively,  very  small.  Tliat  which  exists  naturally  consists 
almost  entirely  of  carbon  and  its  compounds,  -^  such  as  coal, 


COUBUST]<»I. 

1.  unij  wood  1  nnd  all  these  substances  are  the  resulu  of 

lie  griiwih,  either  of  llxe  present  age  or  of  earlier  geo- 

,     Moreover,  wliaterer  sub£C[]uent  eliuisges  Ihe 

have  un<iergone,  it  was  uU  originally  prepared 

from  tbs  carbonic  acid  and  water  of  our  atmoB- 

in  iIm  ecoDOQiy  of  nature,  these  products  of  com- 

losUiw  biive  beeu  made  the  food  of  the  vegetable  world.     The 

'e  my^,  acting  on  iLe  green  leaves  of  the  plant,  exert  a  raya- 

<KU  power,  wliicL  deeoni|)osea  carbonic  anhydride,  and  per- 

a  also  water  ;  and,  aa  the  result  of  this  proces!',  oxygen  is 

fCttuned  to  the  atmosphere,  while  cavbon  and  hydRigeii  are 

the  growing  tissues  of  the  plant.     The  sun  thus 

■DiloM  the  work  of  combustion,  and  parts  the  atoms  which  ihe 

.abemical  affinities  had   drawn  together.      In  doing  this,  the 

exerts  au  enormous  power;  and  the  work  which  it  thus  ac- 

s  the  precise  measure  of  (he  calorific  power  of  the 

material,  wliicli  it  then  prepares.     When  wc  wind 

■|t  the  wdght  of  a  clock,  we  eiert  a  certain  power  which  reap- 

'u  subiicqtient  motions;  and  so,  when  tlie  sun's  rays 

atom^  tlie  great  power  it  esertd  is  again  called  into 

I,  whun  in  lite  proce.ts  of  combtialion  the  atoms  reunite. 

s  true  of  calorific  power  is  true  of  all  mani- 

taUons  of  power  on  the  surface  of  the  earth.     Every  form 

notion  is  sustained  by  the  running  down  of  some  weight 

lieli  die  atin  has  wound  up ;  and,  according  to  the  best  theory 

loui  form,  the  sun's  power  itself  is  sustained  liy  itie  gradual 

Hag  of  the  whole  mass  of  the  Holor  system  towards  ita  com- 

Ift  ceDlre.     However  varying  in  ila  manircsiation,  all  power 

itt  es<«tce  h  the  same,  and  the  total  amount  of  power  in  the 

constant. 

S5.  J/tat  of  Chemical  Comhinntiong. — The  heal  of  combus- 
n  b  otily  a  striking  manifestation  of  a  very  general  principle, 
Incb  lialdii  true  in  all  chemical  changes.  It  would  appear 
■t  wlKDerer,  in  a  chemical  reaction,  atoms  or  molecules  are 
awn  tngt-lher  by  llieir  mutual  aflinities,  a  certain  amount  of 
oviog  power  is  developeil,  which  takes  the  form  of  heat ;  and 
wbiuiever,  on  the  other  hand,  these  same  atoms  or  molecules 
an  dnnrn  apart  hy  the  action  of  some  superior  force,  the  same 
nmnnt  nf  moving  [Miwer  \*  expended,  and  heat  di-appenr^. 
iTsrj'  ehcmtcul  reactloa  ti  u  mixed  elTect  of  such  combino- 
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tions  and  decompofiitions,  and  it  is  simply  a  oomplez  problem  ii 
the  mechanical  theory  of  heat  to  determine  what  must  be  ii 
any  case  the  thermal  effect  The  numerous  facts  wid 
which  we  are  acquainted  in  regard  to  the  heat  of  chemict 
combination  generally  agree  with  the  mechanical  theory ;  and 
where  the  facts  do  not  appear  to  conform  to  it^  the  discrepancy 
probably  arises  from  our  ignorance  of  the  nature  of  the  chem 
ical  chancre  in  question.  It  would  be  incompatible  with  on; 
design  to  discuss  these  facts  in  this  book.  It  must  be  sufBden 
to  state  a  few  general  results,  which  may  be  sununed  up  in  tin 
following  propositions:  — 

First.  The  heat  absorbed  in  the  decomposition  of  a  com 
pound  is  equal  to  the  heat  evolved  in  its  formationi  provide! 
the  initial  and  the  final  states  are  the  same. 

Second.  The  heat  evolved  in  a  series  of  saccessive  cbemica 
changes  is  equal  to  the  sum  of  the  quantities  which  would  bi 
evolved  in  each  separately,  provided  the  bodies  are  finally 
brought  into  identical  conditions. 

Third.  The  difference  between  the  quantities  of  heat  evolve* 
in  two  series  of  changes  starting  from  two  different  states,  bu 
ending  in  the  same  final  state,  is  equal  to  that  which  is  evolves 
or  absorbed  in  passing  from  one  initial  condition  to  the  othei 

For  example,  if  a  body  m  evolves  a  certain  amount  of  hes 
in  uniting  with  n  to  form  m  n,  and  if  the  body  m  n  is  decom 
posed  by  a  third  body  j9,  so  that  m  ^  is  formed,  the  quantit 
of  hent  evolved  in  this  last  reaction  is  less  than  that  whic 
would  be  evolved  in  the  direct  union  of  m  and  p  by  the  amoui 
evolved  in  the  formation  ©f  m  n. 

All  these  propositions,  however,  are  but  special  cases  undc 
ft  more  general  principle  which  is  at  the  basis  of  the  whol 
mechanical  theory  of  heat,  and  which  may  be  enunciated  f 
foHows:  Whenever  a  system  of  bodies  undergoes  chemicj 
or  ,»hysical  changes,  and  passes  into  another  condition,  wha 
ever  may  have  been  the  nature  or  succession  of  the  change 
the  quantity  of  heat  evolved  or  absorbed  depends  solely  on  tl 
initial  and  final  conditions  of  the  system,  provided  no  mechai 
ical  effect  has  been  produced  on  bodies  outside. 
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Questions  and  Proems, 

1.  How  man  J  times  more  space  does  the  carbonic  anhydride 
formed  by  burning  charcoal  {Sp.  Gr.  =  2)  occupy  than  the  char- 
eoal  burnt  ? 

Aqs.  One  cubic  centimetre  or  two  grammes  of  charcoal  yields 
3.720  litres.  Hence  the  gas  occupies  3,720  times  the  volume 
of  the  charcoaL 

2.  How  many  litres  of  oxygen  gas  are  required  to  bum  one  litre 
of  alcohol  vapor,  and  how  many  litres  of  aqueous  vapor,  and  how 
many  of  carbonic  anhydride,  will  be  formed  in  the  process  ? 

Ans.  3  litres  of  oxygen,  3  litres  of  aqueous  vapor,  2  litres  of  car- 
bonic anhydride. 

3.  Given  the  symbol  of  alcohol  CJtIfi  to  find  its  calorific  power. 
Ans.  6,572  units,  or  7,200  units,  assuming  that  the  steam  formed 

was  condensed. 

4.  The  composition  of  dried  peat  is  as  follows :  Carbon,  625.4 ; 
Hydrogen,  68.1 ;  Oxygen,  292.4  ;  Nitrogen,  14.1.  Find  the  calor- 
ific power.  Ans.  5,521  units. 

5.  Find  the  calorific  intensity  of  marsh  gas  burnt  in  oxygen. 

CH,  +  20=0  =  CO,  +  2^,0 

Calorific  power  of  marsh  gas,  1 3,063.     Specific  heat  of  steam,  0.4805 ; 
of  CO,,  0.2164.  Ans.  7,793. 

6.  Find  the  calorific  intensity  of  defiant  gas  burnt  in  oxygen. 

CJI^  +  30^0  =  2OO2  +  2J7,0 

Calorific  power  of  CJS^  11,858.     Specific  .heat  of  steam  and  car- 
bonic anhydride  as  in  last  problem.  Ans.  9,136°. 

7.  Find  the  calorific  intensity  of  marsh  gas  and  defiant  gas  burnt 
in  air.  Besides  the  data  already  given,  we  have  also  specific  heat  of 
nitrogen  0.244.  Ans.  2,662'',  and  2,916'^. 


CHAPTER    XIII. 

MOLECULAR  WEIOHT  AKD   CONBTXTimOir. 

66.  Determination  of  Molecular  Weigktiu — It  has  alreadf 
been  stated  that  the  molecular  weight  of  a  sabstanoe  is  aa 
essential  element  in  fixing  its  symbol  and  in  judging  of  Hs 
chemical  relations,  but  until  now  the  student  has  not  possessed 
the  knowledge  necessary  in  order  to  understand  the  msthddi 
bj  which  this  important  constant  is  determined. 

Whenever  the  substance  is  a  gas,  or  is  capable  of  being  yoIbp 
tilized  without  decomposition  at  a  manageable  temperature,  we 
always  ascertain  the  molecular  weight  from  the  specific  gravity 
on  the  principle  already  several  times  enforced  (§  17).  The 
problem  then  resolves  itself  into  finding  the  specific  gravi^  of 
the  substance  in  the  state  of  gas.  The  methods  used  in  such 
cases  are  described  on  page  21,  and  more  in  detail  in  the  au- 
thor's work  on  Chemical  Physics  (830  et  seq.)^  and  in  the  same 
book  tables  are  given  which  very  greatly  facilitate  the  calcula- 
tion of  the  results.  The  specific  gravity  of  the  gas  or  vapor 
having  been  found  by  either  of  these  methods,  and  referred  to 
hydrogen  gas  as  the  unit,  the  molecular  weight  of  the  substance 
is  simply  twice  the  number  thus  determined.  But  in  applying 
this  important  principle,  on  which  our  modem  chemical  philoso- 
phy  so  greatly  rests,  two  precautions  are  essential. 

It  is  only  true  that  equal  volumes  of  all  substances  contain 
the  same  number  of  molecules  when  they  are  in  the  conditioa 
of  true  gases.  Now,  while  some  substances,  like  alcohol,  assume 
this  condition  at  temperatures  only  a  few  degrees  above  their 
boiling  point,  at  least  nearly  enough  for  all  practical  pur* 
poses,  others,  like  acetic  acid,  only  attain  it  at  temperatures  one 
or  two  hundred  degrees  above  their  boiling  point,  and  others 
still,  like  sulphur,  only  at  the  very  highest  temperatares  at 
which  we  have  been  able  to  experiment  For  this  reason,  the 
specific  gravity  of  sulphur  vapor  was  for  a  long  time  ananomakMS 
fact  in  the  science,  and  it  was  not  until  St  Clair  Derills^  fej 
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i*!iig  a  iTOrw!:^!!  globe,  succeeded  in  determining  io  'Specific 
raviiy  ai  t>  very  high  tcnipcralurc,  tbat  hi  valiie  wa.'^  found  to 
orrcfrpnud  with  the  probable  molecular  weight,  and  it  i^  pos- 
iblc  thnt  a  similar  anomaly  which  fllill  exists  iu  the  case  of 
rfioiftlioni«  and  arsenic  ta&y  be  due  to  the  same  caase. 
Th«  chemist,  however,  can  always  have  a  sure  criierion  of 
•he  coudiiioa  of  any  vapor  who$c  Gpecitic  gravity  he  is  deter* 
■nining  by  repeating  his  experiment  at  a  somenhnt  higher  tem- 
ure.     If  tlie  eecond  result  does  not  agree  with  the  first,  it 
6  a  proof  that  the  vapor  is  not  yet  in  a. proper  condition,  and 
i  the  icmppralure  employed  in  ihe  experiment  was  too  low. 
A.  aeries  of  delermiuations  of  the  specific  grarity  of  the  vapor 
f  acMic  acid  made  by  Cabours  furnish  an  excellent  iUutitra- 
ion  of  the  importance  of  ihe  precaution  we  are  discussing,  and 
riU  ftlM  point  out  another  important  relation  of  this  whole  sub- 
Thi)t  acid  when  in  the  most  concentrated  state  boils  at 
120*,  and  die  specific  gravity  of  its  vapor  referred  to  hydrogen 
J  fkaine  temperature  and  pressure  was  found  to  hare  tlie 
bOowiog  values  at  the  temperatures  annexed :  — 

At  IU  4S.90  At  ITO  35.30  At  24U  30.16 

••    ISO  44.82  "    180  3S.19  "  2T0  30.14 

«    140  41.90  "    190  S4.33  "  3t0  30.10 

f    140  S9.37  "   200  82.44  "  320  30.07 

«    160  87.59  "    220  30.77  "  336  30.07 


It  will  be  noticed  that,  as  the  temperature  ii 

pravity  diminishes,  at  tiwit  very  rapidly,  afterwards 
lore  sbwlr.  and  does  not  become  couslant  until  the  icmpera- 
ira  has  risr-n  200°  above  the  boiling  point,  when  we  hnre  the 
«e  specific  grK\ity  of  acetic  ncid  m  the  stale  of  gas.  Thia 
Utt  for  the  molecular  weight  of  acetic  acid  60  very  nenrly. 
'hjdi  rorreiponda  to  the  received  formula,  C^ff,  Of  The  slight 
n>Tn!nce  between  the  tlieoreiical  and  the  ohservud  results 
ly  be  in  part  due  to  errors  of  observation,  hut  is  most  prob- 
■  to  be  refcrreil  Io  llie  irame  cause  which  determines  even 
ih*  permanent  pases,  when  under  the  atmospheric  pressure, 
roriation  from  Mariotle's  law.  We  do  uot  expect  moreover, 
find  from  the  specific  gravity  the  exact  molecular  weight. 
"  'a  ii  dftermintd  bj/  the  rtfillg  of  anali/sit.  which 
Wf  OM  a  ntfo,  far  mare  accurate,  and  the  tpeeijie  yroyi'l;/  » 
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on/y  tmd  to  decide  which  of  Meveral  poitibb  flwfi^pbr 
the  (rue  value.     (Compare  carefullj  §  23.)  ' 

C7.  Disassociation.  —  But,  besides  taking  care  that  the  t8ni» 
perature  i3  eufficientlj  high  to  bimg  the  substance  we  are 
studying  into  the  condition  of  a  true  gas,  we  most  look  oat  that 
the  compound  is  not  decomposed  in  the  process.  It  la  now  well 
known  that  at  verj  high  temperatures  the  disassociation  of 
the  elements  of  a  compound  bodj  is  a  constant  result,  and  it  is 
probable  that  in  some  cases  the  same  effect  is  produced  at  the 
much  lower  temperatures  which  are  employed  in  the  determi- 
nation of  vapor  densities.  The  specific  gravity  of  the  vapor 
of  ammonic  chloride,  instead  of  being  26.75,  as  we  sboqld  ex- 
pect from  the  undoubted  weight  of  its  molecule,  NH^Ol^  la 
only  about  one  half  of  this  amount ;  and  the  reason  probably  ii^ 
that,  when  heated,  the  molecule  breaks  into  two^  and  in  ooose- 
quence  the  volume  of  the  vapor  doubles. 


NHtCl  = 

NH, 

+ 

HCl 

It  is  very  difHcult,  however,  to  obtain  any  further  evidence 
that  such  a  change  has  taken  place ;  for,  as  soon  as  the  tempera- 
ture falls,  the  molecules  recombine  in  assuming  the  solid  condi- 
tion, and  all  the  phenomena  attending  the  change  of  state  are 
precisely  the  same  as  those  observed  in  any  other  volatile 
body.  Indeed,  although  many  very  ingenious  experiments 
have  been  made  with  a  view  of  settling  the  question,  it  is  still 
uncertain,  not  only  in  this,  but  also  in  several  other  cases, 
whether  disassociation  has  taken  place  or  not.  The  question 
is  of  great  importance  to  the  theory  of  chemistry.  If  disasso- 
ciation does  not  take  place,  the  cases  referred  to  are  exceptions 
to  the  law  of  equal  molecular  volumes,  and  specific  gravity  can 
no  longer  be  regarded,  as  now,  the  sole  measure  of  molecular 
weight.  If,  however,  it  can  be  proved  that  such  a  change  does 
take  place,  then  the  unity  of  our  present  theory  is  preserved, 
and  the  chemist  has  only  to  guard  against  this  cause  of  error 
in  his  experiments. 

68.  Indirect  Determination  of  Molecular  WeighL  —  Al- 
though our  modem  chemical  theories  rest  in  great  measure  en 
the  molecular  weight  of  a  few  typical  compounds  determined^ 
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M  least  npproximalely.  by  their  specific  gravities,  yet  it  is  only 
in  K  f^orajHimtively  few  cases  that  we  are  nble'tu  refer  the 
Rwleciilar  ureigtit  of  a  ^ubstunce  direutly  lo  this  funilamentul 
measure.  Moat  ^ub^iances  are  bo  fixed,  or  so  easily  dfcom- 
pomd  by  heat,  thai  it  is  imiKs^ible  to  determine  the  speeifin 
gravity  of  their  vapor,  even  when  such  a.  condition  is  possible. 
In  these  eases,  however,  we  endeavor  ro  refer  tlje  raolec- 
alar  wciglit  indirectly  to  the  fundaraenlal  measure,  liy  eslJil>- 
lishing  A  relation  of  chemical  equivalency  between  the  sul)- 
ManciT  whose  molecular  weight  is  sought  and  some  eloselg 
allied  vohtiile  substance  whose  molecular  weight  has  been  pn^ 
viously  determined  in  the  manner  descnbed  above.  A  few  ex- 
Rmples  will  muke  llie  application  of  this  principle  intelligible. 

Ii  a  required  to  determine  the  molecular  weight  of  nitric 
icid.  A  carefnl  liludy  of  the  numerous  nitrates  leads  lo  the 
conclusion  that  lliis  acid,  like  hydrochloiic  acid,  HCl,  con- 
tain! but  one  atom  of  replaceable  hydrogen.  For  example,  we 
Ind  bot  one  potn^sic  nitrate  and  one  »odic  nitrate,  wtiereas  we 
sbonld  expect  to  find  several,  if  the  acid  were  polybasic. 
Hmoe  we  conclude  that  one  molecule  of  argentic  nitrate,  like 
one  molecule  of  argentic  chloride,  jigCl,  contains  but  one 
■lom  of  silver.  Next,  we  analyze  argentic  nitrate,  and  find 
that  100  part!;  of  lhi>  salt  contain  R,?.53  parts  of  silver.  We 
liiinw  the  atomic  weight  of  silver,  IDS,  and  evidently  this  mu« 
bear  the  same  relation  to  the  molecular  weight  of  argentic 
nilnite  that  G3.,i3  l>eBr9  to  100.  But  (i3..>3  r  100  =  108  : 
r^z  170.  which  is  ihe  molecular  weight  of  argentic  nitrate, 
sod,  linec  the  molecule  of  nitric  acid  differs  from  thatof  argen- 
rie  Diimir  only  in  containing  an  atom  of  hydrogpn  in  place  of 
l1»e  atom  of  silver,  its  own  weight  must  be  170  —  108  -|-  1 

It  is  required  to  determine  the  molecular  weight  of  sul- 
phuric acid.  A  mmparison  of  the  different  sulphates  shows 
that  sulphuric  ncid  is  dibasic.  We  find  two  sulphales  of  potns- 
•ian  and  Mxlium.  an  acid  snlphate  and  a  neutnil  sulphate,  and 
benee  m%  conclude  iluit  this  ucid  contains  two  rephLceable 
aloms  of  hydrogrn,  and  hence  that  one  molirrule  of  neutral 
potasdc  Bulphste  contains  two  atoms  of  potassium.  In  ana- 
^itDg  pota^sic  sulphate  il  appears  that  100  pari*  of  the  salt 
QOOtatD  ass  parts  of  pota^ium,  and  evidently  thi^  wci^Ui 
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bears  I  lie  sitrac 
pola*>ium  lieur? 


ion  to  100  that  the  weight  of  two  atonn  d 
Le  weight  of  the  molcculo  of  pobiBsic  ei 
Tliua  we  have, — 


=  78:r=  174;  ihe  M.  W.  of  Fotassic  Sulpbal^J 
-  78  -|-  2  =  98 ;  tbe  M.  If.  of  Sulpliurio  Acid,    i 


44.83  :ltK): 
and  174  - 


Rj  n  eimllur  rourse  of  reaaonin''  we  may  deduce  from  tU 
results   of    antilj^js.  onil   Irom    ihe    general    chemical   rala 
lions,  Ihe  molecular  weight  of  any  othi^r  add  or  base. 
thi^re  is  any  question  tu  regard  to  the  bnsicity  of  the  acid  a 
the  acidity  of  ihe  hose,  there  will  be  tbe  same  question  a 
the  molecular  weight ;  but  we  cannot  be  l«d  far  into  error,  fi 
the  true  weight  will  be  some  simple  multiple  or  submulliple  tf 
the  one  a.ii8umed,  and  the  progress  of  Bcience  will  MMiDer  q 
later  correct  our  mistake.     From  the  molecular  weight  of  ■ 
acid  we  eaBilj*  deduce  the  molecular  weights  of  all  its  t^alu.  ^ 

When  the  substance  is  notdistinctirely  an  acid  or  abaM,bl 
U  capable  of  entering  into  combination  with  other  bodies.  K 
fjia  frequently  discorer  its  molecular  weight  liy  determin 
experimpnially  how  much  of  this  substance  is  equivalent  t 
known  weight  of  some  allii-d  but  volatile  substance  f 
moleeular  weight  ia  known.  Thus  ammonia  gas,  whose  n 
ular  weight  is  one  of  the  best-eslublislied  data  of  cliem 
enti'ra  into  direct  union  with  a  compound  of  plaiinic  chl 
aiiiV  hydrochloric  acid  {PtC/aB^)  lo  form  a  definite  cryst 
salt  who^e  composition  is  exactly  known. 


PtCl,ff,  +  2iV7/,  =  PiCkiNN,)^ 


rq 


Now  a  very  large  number  of  substances  allied  to  animoi 
form  with  this  ^^amc  platinum  salt  equally  delinile  p 
that  by  simply  determining  the  weight  of  platinum  in 
compounds,  which  b  very  easily  done,  their  molecular  * 
may  at  once  be  referred  to  the  molecular  wei^'ht  of  ammot 

Lastly,  if  other  means  fail,  we  may  sometin 
molecular  weight  of  a  compound  by  carefully  studying  tho  r 
lions  by  which  it  is  formed  or  decomposed,  and  inferring  4 
weighl  of  ihe  compound  from  ihal  of  its  factors  or  products. 
seek  to  esprees  the  reaction  in  the  tiimplesf  possible  way,  t 
give  that  value  to  the  molecular  weight  which  best  Si 
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eWmical  equiilion.  Evidently,  however,  EDch  results  are  le^s 
tTa*l«'orili}'  tlmn  those  obtained  \iy  either  of  ilie  other  methods. 

69.  Conttilution  of  MoUculfi. — It  is  a  favorite  theory  wilt 
•oine  cbemiaLs  thai  no  molecule  can  esl^t  in  a  Tree  condition 
with  any  of  its  BlVmitieg  un^tisQeit,  but  tbo.'^e  who  hold  this 
ciew  aro  comiielled  lo  admit  that  tno  poinia  of  attraction  in 
the  BBOoe  alo'u  may,  in  certain  cases,  neutraliae  each  other. 
IIi;noe,  they  would  ctistinguiGh  between  a  dyad  atom  like  ibat 
of  oxygen  (-  ■),  with  its  alSnittes  open,  and  a  dyad  fltom  tike 
thai  of  mercury  £|3'  ^'^^  '**  affinities  closed  through  their  own 
tniilDal  aitmclion.  The  first  could  not  exist  in  a  free  condition, 
while  the  last  could.  In  like  manner  any  atom,  having  an  evpn 
nnrabcr  of  points  of  ntlraciion,  can  exist  iu  a  free  siuic  because 
all  il*  aflinities  may  be  sati:?6ed  within  itself;  but  an  atom  hav- 
ing an  Dtieven  number  of  points  cannot,  for  at  least  one  of  its 

■fflbilies  must  be  open  as  u  shown  by  the  symbol  { ■).     Aa 

tliiis  interpreted  it  muat  be  admitted  that  the  theory  explains 
many;  fuels. 

For  example,  among  the  univalent  elements,  chlorine,  bro< 
tnine  and  iodine  are  all  known  lo  have  molecules  consisting  of 
two  atoms.  So,  also,  the  molecule  of  cyanogen  gas  consists  of 
two  alomf  of  the  radical  CJV.  and  the  same  is  true  of  ethyl, 
propyl,  Sic,  at  lejist  if  the  hydrocarbons  so  named  have  really 
the  consiitution  lirst  assigned  to  I  hem. 

Pibaing  next  lo  the  dyads,  we  find  that,  while  oxygon,  sulphur, 
■clenium  and  tellurium  have  molecules  consisting  of  Iwo  moms, 
the  metab  mercury  and  cadmium,  and  the  radicals  ethylene, 
pfnpyknc,  &e.  ( C,W,  and  C^Ht),  have  molecules  which  coineida 
villi  Ihcir  atoms. 

Of  the  wcll-dpfined  triad  elements  none  are  volatile,  but  the 
two  triad  radicals  which  have  been  obtained  in  a  free  state  — 
■llyl'  {C,ff^)  and  katodjl  ((C/fa)^^*)  — both  have  double 
atomic  molrculus. 

In  like  maoncr  none  of  the  telnid  elements  are  volatile, 
snd  tht!  only  tetrad  radicals  known  in  a  free  slate  have  single 
Blomie  Dolecales. 

Of  the  pentad  elemenla  nitrogen  ha^  a  molecule  of  two 
Homi,  while  phosphoma  and  arsenic  have  molecules  of  four  ; 

I  Sm  pngp  T8,  I'roLlDm  T. 
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Bloins.     No  compounil  radicals  of  this  order  are  known  in  ^ 
free  stale. 

Lastly,  the  only  hesad  radical  known  in  a  free  state,  benziiH 
Cn^/a.  Iiiis  a  molecule  which  coiocidca  with  its  atom. 

Tliua  it  appears  that  in  general  the  theory  is  sustained  hj  Ibl 
facts.  NevKrttiele^,  there  are  several  well-marked  exccptiooa 
to  it.  Thus  the  well-known  compounds  IfO  and  NO,  hare 
molecules  which  act  aa  radicals  of  uneven  aiomicitim  am!  yet 
contain  but  one  complex  atom.  We  must  be  careful,  therufoni| 
not  to  give  too  much  weight  to  this  hyjKithesiii,  but  still  it  a 
be  useful  in  co-orditmiing  faints.  It  leads  at  once  to  three  g 
erat  principles  which  will  l>e  found  to  be  almti^it  univeivally 


The  first  is  that  the  sum  of  the  atomicities  of  the  atoins  of  J 
every  molecule  is  an  even  number. 

The  second  is  that  ihe  atomicity  of  any  radical  is  an  ( 
or  even  number  according  as  (he  sum  of  thu  alomiciljes  | 
its  elementary  atoms  is  odd  or  even. 

The  third  is  that  the  <]iTanlivulence  of  elementary  ata 
mtjst  be,  as  staled  on  page  5'J.  either  even  or  odd.  '" 
artiadi  or  perusads,  and  ihe  two  characters  can  never  be  n 
fested  by  the  same  elements- 
It  has  also  been  a  question  among  chemists  whether  i 
utar  combination  was  possible ;  in  other  words,  whether  i 
possible  for  molecules  of  dlflerent  kinds  to  combine  chemio 
each  preserving  its  integrity  in  the  compound.  Some  of  ll 
advocates  of  the  unitary  theory,  in  the  reaction  agaiiut  I 
dualistic  system,  have  been  inclined  to  doubt  the  posaibitlty  i 
such  compounds,  and  have  attempted  to  represent  ihe  sym. 
of  all  compounds  in  a  single  molecular  group ;  but  any  ■ 
cedent  improbability,  on  theoretical  grounds,  is  fnr  mOTO  tl 
outweighed  by  the  evidence  of  a  large  number  of  componal 
whose  constitution  is  most  simply  explained  on  the  hype 
of  molecular  combination.  For  example,  in  the  crystullin 
il  is  impossible  to  doubt  that  the  water  exists  as  such,  not  • 
part  of  the  salt  molecule,  but  combined  with  it  as  awhtde. 
also,  there  are  a  number  of  double  salts  whose  consi 
most  simply  explained  on  a  similar  hypoiUesis,  and,  in  the  f 
cnt  Slate  of  the  science,  it  seems  unnecessary  to  compV 
tbdr  eymbola  by  forcing  ibem  into  the  unitary  mould.     Il 
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e))pnicleriBlic  of  aucli  rnolvcular  compaaada  as  are  lii^re  assumed, 
llut  tbc  force  wbii-h  hotds  logetlier  ihe  luoltculcs  is  mucb  feeMer 
tluui  thai  nlilcti  bindd  togetlier  Ihe  aioms  in  the  molecule.  When 
Uie  mulEcular  attraction  id  very  strong,  it  is  probable  tliat  in 
ftlmo»t  oil  cases  the  dilferent  molecules  conleace  into  one ;  and 
between  the  extreme  limits  ne  Bnd  compounds  in  which  it  is 
dilficult  U>  determine  whether  true  molecular  corobinalron  ex- 
ists or  noL  Such  coale^uing  of  distinct  molecules  seems  always, 
b»never,  to  be  attended  with  a  greater  development  ol'  hf  at,  and. 
In  general,  with  a  more  marked  manifestation  of  physical  ener- 
gies, tliao  usually  aitead^  either  molecular  aggregation  or  atomic 
iiietMlbc«ie>      ■ 

In  the  notation  of  this  book  molecular  combination  is  indi- 
cated by  writing  together  the  symboU  of  the  different  molecules 
tlius  uniti-i],  but  separating  tliese  symbols  by  periods.  Thus 
tbe  symbols  iKCl.PtC/t,  and  S^'aF.SbFt  represent  compounds 
of  this  clan's. 

70.  bomerUm,  AUntropiim,  Polymorphiam.  —  We  should 
infer  from  the  doctrine  of  chemical  types  that  the  same  atoms 
mi^ht  be  grouped  together  in  different  ways,  so  as  to  form 
diflvrent  molecules  which  in  their  aggregation  would  pre.«ent 
OfiKntinlly  distinct  quulities.  Hence,  we  should  expect  to  lind 
&4iDet  Bubslsiices  having  the  same  compoi>ition ;  and  in  fact 
enr  Bcience.  organic  chemistry  especially,  is  rich  in  examples 
4)rthis  kind.  Sucli  £ub?tances  are  said  lo  be  isomeric  and  the 
phenomenon  is  called  isomerism.  There  are  different  ptiasea 
of  iMtmerism.  which  it  will  be  well  to  distinguisb,  not  so  much 
on  account  of  any  essential  differences  in  ibe  phenomena  as  in 
ordrr  to  make  ourselves  better  acquainted  with  its  roanifesia- 

lu  llio  first  place,  we  have  examples  of  isomeric  bodies 
having  Uie  same  centesimal  composition,  but  showing  no  rela- 
tion to  each  other  in  their  properties  or  in  their  chemical 
Tcaclions.  Sonielimes  we  have  a-si^ned  to  them  the  same 
fotiDoU,  but  in  other  cases  Ihe  symbol  of  one  is  a  (>imple 
mulitpla  of  that  of  the  other.  TIuin  ahlehyde  and  oxide  of 
ethylene  have  both  the  symbol  CJlfi;  cane  sugar  and  gum 
Knbie,  the  oominon  formula  C^JI^Oxx',  lactic  a*^id,  the  formula 
C,a,Ot\  and  gluco-e,  C^Hyfi^  Those  compounds  bear  no 
cud)  other,  and  have  no  relaiiona  in  coiumttu 
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III  th«  second  plane,  we  have  numeroiis  eKamplea  of  iaomerii 
compounds,  nhicli.  with  the  same  centesimal  composition,  bdvf 
also  the  same  molecular  weight,  and  whose  inoleculei',  therefoK 
consist  of  the  same  number  of -atoms,  but  where  a  fundamenla 
difTerence  in  the  grouping  of  the  atoms  may  be  inferred  t 
the  nature  and  products  of  the  chemical  reaulions,  b^  which  ii 
isomtfric  compounil^  are  formed  or  decompused.  Thus,  for  ex^ 
arapie,  ethylic  formiate  ( ty/j)  -  0-(  C//0)  has  exaclly  the  m 
comiKisitioQ  and  molecular  weight  as  meihylic  acetate  (C!£M 
0-(  CfffiO).  The  same  is  true  of  cjaniu  ether  anti  cyaiietholltiC 
whose  symbols  have  aln-ady  been  given  (page  77)  ii 
tion  with  the  reactions,  wliieh  indicate  their  molecular  » 
tion,  and  another  $till  more  remarkable  case  will  be  found  i 
Part  II.  of  this  work  [1G4]  and  [165]. 

In  the  third  place,  we  have  Several  groups  of  isomeric  eoof 
poDodii,  especially  among  the  hydrocarbons,  which  have  thl 
same  general  propertied  and  the  isauie  percentage  oompositioi 
but  which  difi'er  from  each  other  in  their  mul^'eular  weighta  i  at 
that  the  symbol  of  one  i«  a  multiple  of  that  of  the  rest, 
hydrocarbons  ethylene  C^„  propylene  O^ffa  botyleue  Qfl 
form  a  group  of  this  kind.  Compounds  of  this  cliiss  are  I 
quently  called  pdymeric,  and  someiimes  the  heavier  t 
pounds  may  be  regarded  as  condensed  form^  of  the  lighter. 

lastly,  wo  may  diatinguish  still  a  fourth  class  of  t^onivt 
compounds  which  have  ihe  same  general  properties,  the  m 
symbol,  and  the  same  genemi  system  of  reactions,  but  whi^ 
differ  in  a  few  marked   qualities,  physical  or  [■hemical,  i 
which  preserve  these  charaeloristioi  to  a  greater  or  less  cxic-ni  d 
their  compounds.     The  two  forma  of  toluio  acid,  CiU^O^  b 
long  to  tliis  class,  and  such  compounds  are  isomeric  in  I 
fullest  sense  of  (he  word. 

Id  all  the  above  examples  the  differences  between  the  i 
meric  compounds  ore  sufflcienlly  great  lo  leud   chemisia   \ 
assign  to  each  a  distinct  name.     When,  however,  the  difl) 
euces  are  not  sufRcienlly  great  lo  justify  a  distinct  nnme:, 
two  bodies  are  said  io-l)e  different  atlotropK  states  of  the  si 
substance.     Thus  there  are  two  varieiies  of  tariaric  acid  {  tbj 
fii'st  of  which  deviates  ihc  plane  of  polaHxation  of  ■  ny  of  Uglil  ' 
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y^: 


to  the  l«fl,  while  ihe  second  dcTkles  it  to  the  right ;  but  nnco  I 
ia'alniiMl  every  oikcr  re»pecl  thi^se  two  belies  are  identjcalt  I 
we  do  not  speak  of  them  a»  differcDt  substances,  but  merely  a: 
<liffi.-ri-iii  allotropic  8lut«i)  uf  tartaric  acid.     There  are  also  tlirea    | 
bllwr  VHri>;ii('^  of  tariaric  acid,  but  these  differ  eo  greatly  ftom 
the  uormid  acid  in  crystalline  form,  in  sulubiliiy,  and  also  i 
other  relations,  (hat  lliey  rosy  fuirly  he  regnrdt-d  iia  diatinut    j 
eub«t)ui[%«. 

Aguiu.  there  are  mauj  substances  where  the  difference  of 
•tftt«  or  aliotropUm  is  asBociated  with  diffcrencu  of  cryetailine 
form ;  and  when  ililj  diSereniy:  uf  form  i^  fuudamenial,  thu  I 
sub»laiice  is  said  lu  be  dimorphous  or  trituurphous,  aa  (he  case 
any  hi',  and  tlie  jihenomeDon  b  called  polymorphism.  Thus 
eoauoMi  calcic  carbonate  crystallize?  in  two  fundani  en  tally  dis- 
tinct forms  forrwiJOading  lo  the  two  mineralogical  species, 
Calcite  and  aragoiiite.  Such  difference  of  form,  however,  is 
invariably  nccomjumied  by  a  marked  difference  of  properties, 
ao  tliat  polymorphism  is  merely  one  of  the  indicalious  of  allo- 
Uopistn. 

Diflerenees  of  condition  similar  to  those  we  have  described 
miflife^t  ibemselves  even  more  markedly  among  elementary 
rabslanres;  unil  indeed  the  word  nltolropism  was  first  applied 
to.  phenomena  of  this  laft  cIbbs.  Thus  there  are  two  Bllntropic 
•tales  of  phosphorus,  whicli  differ  so  much  fi-om  each  other  that 
no  one  would  suiipect  from  tlieir  external  oharaLlers  that  tliere 
otiis  any  ideniity  between  ihem,  and  lo  these  two  states  corre- 
B|KNid  two  fundamentally  different  crystalline  forms,  la  Bome 
awes  the  differences  between  the  allotrnpic  stales  of  the  same 
duneot  are  far  greater  than  any  which  are  seen  between  tho 
nuwt  utdike  isomeric  compounds.  No  siih.-<taDces  couid  be 
borter  dcflncd  by  well-marked  and  utterly  distinct  qualities 
than  diamond,  plnmha^o,  and  cliarcoal,  and  yet  they  are  all 
three  allotropic  moditicaiionj  of  the  one  elemental  substance 
wa  c«ll  curhon  i  and  such  phenomena  a^  llifse  give  us  sti'ong 
irroHtiil?  for  hpheving  ihal  our  present  elements  may  have  a 
cnmprHile  Btruciure. 
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Quesliont  and  Problems. 

1.  What  are  thu  inukrulur  wei|^hu  orklcohol  an<l  cnmplior  ta  da- 
duL-ed  fi'uinlhi;  ri;sulut  ul'  the  Qn  tQx,  dcteriuinatioDs  givun  aa  page 
33? 

Ani.  45.5  and  1 55,  whioh,  altlioiigh  not  closely  agKeing  witb  t] 
theoretiL-al  Dumbers,  enablm  ii»  to  deeide  timt  tlie 
of  these  tompouiida  are  CJIfi  ami    CtJl^O  u  the . 
inicrpretation  of  thu  Bnal]M;8  would  indicnte. 

2.  At  rhe  temperature  of  4  70°  the  SlJ.  ©t.  of  Ihe  vapor  of  si 
phurio  «cid  is  approximately  l,e97.    How  dews  this  result  agree  irilll 
the  generally  received  fymbol  of  this  compound,  and  how   do  jot' 
explain  the  discrepancy  'i 

3.  A  study  of  the   different  tartrates  bat  leJ  to  the  cancln 
already  enprcised  that  tartaric   aeid,  although  tetraWmic,  is  <  ' 
It  also  appears  thai  one  hundred  parla  of  neutral  arpentic  t 
yield  when   ignited   55.39  parts  of  metallic  silver.      Keqnired  1 
molecular  weight  of  iBrtoriu  acid,  Aim.  1 16, 

4.  An  hundred  parts  of  baric  oxide,  BaO,  (whose  ci 
assumed  to  ho  known)  yield  when  treated  with  sulphur 
parts  of  haric  sulphate.     Further  it  is  aasuin«d,  as  the  result  of  ci 
fol  study,  that  sulphuric  add  is  dibanic,  and  thenetai  barium  a  b' 
leatnulical.     Reqiiired  the  molecular  weight  of  sulphuric  acid. 

Am.  98. 

5.  The  wpll-kno«n  base  aniline  gives  with  platinic  chloride  ■ 
definite  Lryrtalline  product,  one  hundred  parts  of  which  yield  nl 
ignition  S2.!»!f  parta  of  platinum.  Required  the  luoleoular  weight  O 
aniline.  How  does  this  rei-ult  agree  with  the  gjj.  ®t.  of  aniliiH 
Taper,  which  has  been  found  by  observation  to  be  3.2 10.? 

Ana.     93",  which  corresjwnds  to  Sp.  ©t.  of  3.833.  1 

6.  The  base  trlethylaniine  gives  in  like  manner  a  platinum : 
one  hundred  parts  of  whieh  yield  on  igoition  33.6"  parts  of  p 
nam.     Iterjiiired  the  molecular  weight.  Ans.  10 

7.  Compare  together  the  lymbols  of  tfae  compound*  of  tiK  »i 
rioiia  alcohol  radicals  on  pagea  90  to  93  and  poiot  out  the  b 
pie.    -■  ■ 
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CBTSTALLISE   FOUMa, 

*  Htlationi  (0  Chemiilry.  —  Almost  every  substanoe 
Bl-cu  a  deiiiiUe  jiolyhednil  form,  although  it  inay  maniTest 
■is  tetHleticy  only  under  favorable  condhions.  Such  fnrmd  nru 
■Ik-d  crystals,  and  the  protess  of  cryalalline  growth,  or  de- 
lopiaenl,  ii  called  crystallization.  The  one  essKntial  coiiili- 
D  of  crysiailization  is  a.  certain  freedom  of  motion,  and  crys- 
«,  more  or  lea^  perfect,  are  u&ually  formed  nbenever  a  molten 
qaui  **  Bets,"  or  a  solid  is  deposited  from  a  condition  of  solution 
r  of  Tapor ;  and  in  each  case  the  t^lower  the  procrCiis  the  lai^r 
1  tho  more  perfect  are  the  crystals.  The  crystalline  condi- 
n  is,  to  fact,  ibe  normal  stale  of  solid  matter.  It  is  true  [but 
»r«  arv  a  few  sulistaticis  which,  like  glue,  are  only  known  in 
ia  ootluid  state ;  but  in  most  of  the  so-called  colloid  r^ub- 
incBs  this  stale  is  ahnormiil,  and  there  is  a  constant  tendency 
» crystal! izat ion.  Moreover,  its  peculiar  crystalline  form  isone 
t  ibe  most  characteristic,  and  apparently  one  of  the  most  es- 
iBtSnl,  properties  of  a  substance,  and  is  therefore  of  great  value 
I  ilt:t«rmining  its  chemical  affinities.  The  study  of  the  geomet- 
~  ■!  relations  of  these  forms  i^  however,  in  itself  a  separate 
enOBt  and  in  this  connection  we  can  only  dwell  on  the  few 
nitiniary  principles  of  the  subji-ct  on  which  our  system  of 
idlMaucat  cla«sifi cation  iu  part  rests. 

7S.  Dejinitirmt.  —  In  the  tbrms  of  cryptnls  the  idea  of  aym- 
Mvtrj  it  lite  great  conirolling  principle.  Each  substance  ful- 
BWSft  certHJu  law  of  symmetry,  which  seems  to  be  inherent, 
pA  a  {>art  of  ira  very  nature;  and  when,  from  any  cause,  the 
baracter  of  tlm  Fyminelry  ctiangea,  the  substance  lo^es  its 
lentity,  and,  even  if  its  chemical  composition  remains  the 
torn,  it  becomes,  to  all  intents  and  purposes,  B  dilferent  i^ub- 
tanc*.  In  every  cr/stal  the  symmetry  points  to  a  few  <iine- 
limj.  to  wbicl)  not  only  the  position  of  the  planes,  but  also 
h^bioil  [irapenlea  of  the  body,  arc  clo^ely  related.    Certain  oC 
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these  directions,  tootk  or  less  arliUrurily  cliosen,  ore  collrd  d 
of  the  c;rystuis.  and  a  cri/slntline  form  mny  be  defined  ■ 


nip  of  $imilar  plar 


symmetriuully  disposed  around  tin 

axes.     Ab  is  evident  from  tliis  defii 

crysialliiie  furni,  like  u  geometrical  I 

a  jjure  nbslruclion,  and  ihis   codcc] 

el'ully  lo  ha  kept  distinct  from  the  i 

a  crystal,  wliioli  implies  not  only  i 

I    I'lii-m,   bill    also    a    certain    strai 

I  by  far  the   Inrgtf  numbor  fl 
lit!  same  crystal  is  liounded  by  MVvKi 
Thus,  in  Fig.  4,  wliicli  represanufl 
crystal  of  cumition  quarix,  lliu  plane*  fl 
I  and  tbe  pUtnes  of  iLe  pyriu 
liiaiincl  crjsialline  (imus. 

73.  S^temi  of  Cn/ttaU,  —  A.  careful  study  of  iha  4 
crj-slaU  bus  eliown  tbat  ibeae  forma  niiiy  be  clussiiicd  a 
cryslHlliiie  by^lems,  each  of  which  is  distinguished  by  a  p 
plan  of  symmetry.     These  divisions,  it  b  tru 
ure  arbitrary ;  for  here,  as  eUewhere  ta  nature,  no  sharp  djvi 
lines  lire  found ;  hut  nevertheless  the  distini'tiona  on  whii  ~ 
<.'lHB»ili cation  rests  are  clearly  mHikod.     W«  can  only  g 
this  hook  a  very  imperfect  ideik  of  the.^e  sitveral  plans  of  s; 
nieiry  by  representing  with  figures  a  few  of  the  more  c 
teriBtic  fonns  of  each, 

74.  First  or  hometric  Si/tti-m}  —  The  three  most  (mya 
occurring  fortniJ  of  tills  system  ore  the  regular  oclaliedrun,  9 


nibic  diidecaliedron  and  the  cube,  Figs,  5,  (i,  and  7.     These 
ttud  all  the  other  forms  of  the  system  may  be  regarded  ti  \ 
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[1  around  lliree  equal  and  nimilar  axes  at  riglit  angles  lo 
tcb  wilier,  and  bence  Ihe  name  isomclric  (eqiiul  diuieiisions). 
*py  pn-s.-nt  the  jiame  symmelry  on  all  Bidua,  and  the  appeal^ 
knee  of  the  fonn  is  identiivil,  whicUever  ajtis  ia  phiced  in  a  ver- 
i  position.  In  ihi^  systt-m  no  variation  in  the  relative  posi- 
r  lengiliB  oF  the  axes  ia  possible,  for  this  would  change 
e  plan  of  symmetry  on  which  the  syaiem  is  based. 
75.  !if<tmd  or  Tetragonal  Systtm}  —  The  plan  of  symmetry 
-  ■'■"  ^tstem  is  boat  tiluslraled  liy  [|iu  pqimre  octiihedron.  Fig. 
I,  Fi^'.  9,  i,-.  Ji  square,  uniJ  to 


^8.    Of  Ihis  form  the  basal  s 


thia  iiifi  ihe  mime  of  the  system  rettr^.  The  vertical  .'Jeciion, 
on  llie  other  hand,  is  a  rhorab,  Fig  10.  Here,  as  in  the  first 
»y»tcni,  the  forms  may  all  be  referred  to  three  rectangular  axeis 
hut  only  two  h;ive  the  fame  length  ;  the  third  may  be  either 
Inoger  or  eborter  than  the  others.  The  last  is  the  dominant 
mxis  iif  ibo  form,  and  hence  we  always  jilaee  it  in  a  vertical 
pMitinn  and  call  il  the  verii[:al  axi^.  The  length  of  the  verti- 
nU  ajiia  bcnra  n  conBiiint  ratio  to  that  of  the  hiteral  axes  in  all 
crj'iiial'  of  ihp  same  pubslanee,  bill  this  ratio  differs  very  greatly 
for  diflerent  t^uh^iances.  and  is  therefore  an  important  crystal- 
loin^pLk  I'liara-'ler.  The  ramiliur  square  pri^m  i.i  ajiutlt^r  very 
duncivriitic  fonn  of  this  system. 

Fig.  12. 


Moreover,  the  pUnes  both  of  the  prism  and  of  the  oclnheJrn 
lay  bare  different  positions  with  refereneo  to  the  latenil  axe 
'D    by  the    two  ha^l    sections,    Fig^-   II    and    12; 
'  Culled  »Ito  dlmetrtc. 
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and  this  leads  xta  to  distin^Uh  two  square  priami  and  tw 
fiqtmre  octahedrons,  one  of  which  is  said  to  be  llie 
the  olber. 

76.  TAird  or  Hexagonal  Sgitem.  —  In  the  last  BTSieiii  I 
planes  were  nrrnnged  by  fours  around  one  dominant  tuciii,  whl 
in  (his  system  they  are  arrauged  by  sixes.  The  most  char* 
islic  furma  of  tliis  system  are  the  hexa^^al  pyramid,  i 
and  tlie  hesogonnl  priam,  Fig.  14.  The  basal  section  I 
eiilier  of  these  form:i  h  a  regular  hexu|;on,  Fig.  15,  and,  b 

Ffg.  IB. 

Kg.  14. 


Dt  betinSB^ 


the  dominant  or  vertical  axis,  we  also  disliiiguioii  as  kte; 
the  three  diagonals  of  this  hexagonal  seclioii.     Tfaeagg 
axes  stand  at  right  imglcs  to  the  vertical  axis 
themselves  they  subtend  angles  of  fiO".     Here,  as  before,  tl» 
ratio  of  the  length  of  the  vertical  axis  to  the  common  trugth  (if 
the  lateral  axes  has  a  constant  value  on  crystals  of  llie  same 
substance,  but  differs  very  greatly  with  different  s 
the  vertical  axis  being  sometimes  longer  and  Bometimea  shoner 
H«-  n. 
riK.  16. 


than  Ihe  other  three.     The   rhombohedron,  Fig.  1' 
ecalenohedron,  Fig.  17,  are  also  forms  ofthb  system, 


1  ^^^ 

■ 
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!?en  more  frequenlly  than  tiie  more  typical  fonns  first  men- 
ioned.     LftsUy,  a  diHereiice  oT  position  in  the  pknea  of  the 
irism  or  pymmid  witb  reference  to  the  lateral  aiea  gives  risfl 
D  Ihls  syBivm  to  tbe  same  distinction  between  the  direct  and 
be  inverse  forms  as  in  the  last. 

77.  I'ourth  or  Orthorkomble  Sijitrm}  —  The  most  character- 
itic  fumie  of  this  syatem  are  tlie  rhombic  octahedron,  Fig.  18, 
oil)  ilic  right  rhombic  pii^m,  from  wliich  the  system  takes  its 
utrae.     Tiie  three  principal  eeeiions  of  llio  oclalicdroo,  repre- 
Kntcd  by  Figs.  19,  20,  and  21,  and  aI*o  the  basal  section  of  llie 

r\f  K.                   Pig.  in.              Fig.  20, 

B 

H 

ra 

Hi-m.  are  all  rln.mb^,  wbo=o  relalions  to  iho  form  are  indicated 
ly  the  lettering  of  the  figures.    We  easily  distinguish  here  three 
ucg  ai  right  angles  to  each  otlier,  but  of  unequal  lengths,  and 
D  regard  (o  the  ratios  of  these  lengths  the  remarltd  of  the  last 

78.  /V^A  or  ^Wwitw/rntc-Sj/j^m.—Tlieforrasclasaed  together 
DDiIor  ibis  system  may  be  referred  lo  llireo  unequal  aies,  one  of 
«hi<:^  sUods  at  right  angles  to  the  plane  of  the  other  two.  n'ljile 
lbi?y  are  bclined  to  each  other  at  an  angle,  which,  though  ciin- 
Kant«n  crystals  of  the  same  substance,  varies  very  greatly  with 
IQIei*nt  fuhstaoccA.  as  \-ary  also  the  relative  dimensions  of  the 

hroogb  thr  edge*  CO  would  be  similar  lo  Fig.  23,  and  these 
bn.-e  9rclion>  cire  a  clear  idea  of  the  relative  positions  of  the 
lse«.     The  si^ciion.  Fig.  24,  containing  the  two  Dblii]ue  uos^^^H 

Called  oUo  irlmctrio.                                   ^^^^^| 
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is  imlled  the  plane  of  bj 

crveiiils  are  dispojie'l  syi 

pliioe.     In  11  word,  tliu 

J\f.n. 


nniGtT?,  and  the  faces  on  all  monocUid 

imc'ricjiDj'  6i 
yuimelr)'  ia  UilHl<-r,il,  ami   cfirnz-iiiimls 
Pig.  -a. 


to  tJje  type  ivirli  ulilcli  «e  nro  so 

tlio  liiimiin  liwly.     This  [ilati  of  ejrameiry  U  wi-ll  illu^^i 

Fig*.  25,  2C,  nnd  27,  wliich  repreMsnt  the  cimimonljf  occRnj 

forms  of  gypsum,  angiie,  and  felspar,  ihn'o  of  iho 

iDMi  ininerala.     Tlie^e  fi9:iii-c8,  however,  do  nuc.  like  tl 

previous  sections,  tvpre^ent  simple  cryMalline  ronm^ 

tals  here  repnrsentecl  are  in  each  case  bounded  hj  m 

and  ini}i!ed  in  ihis  system  such  compound  forms  ■> 

Bilile,  r<ir  no  pimple  roonncliriTc  form  can  of  itwlf  encl^ 


Tridimc  System. — This  system  is  disi 
mplete  want  of  symmetry.  Only  opposila  plane* 
are  similar,  and  Iwo  such  planes  constilulB  » 
mplete  crystalline  form.  Ilcnce  on  every 
I  crystal  there  miisl  he  ut  leasi  three  simple  ioniK- 
I  TVe  may  refer  the  planes  of  any  crystal  M 
I  three  unetpial  aies  all  oblique  in  each  otLw, 
I  but  the  [Hjsilion  we  assign  to  Them  is  quite  ar* 
ary.  and  Uiey  have  therefore  little  valuu  « 
I  cryslallographic  ejementa.  Fig.  29  reprc 
n  crystal  of  sulphate  of  copper,  one  of  the  very  few  Bubt 
wbivb  crystallize  in  lliia  BysVem. 
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80,  AMijhratiom  on    CVysfa/s.  —  Wlien  se^'eral  crjatallini! 

s-appew  on  lh«  sume  crystal,  norae  one  ia  usually  more 

romin«fit  or  r/omtnant  ihau  tlie  rpsi,  iinJ  gives  lo  the  crysial 

I  gencnl  a-specl,  the  planes  of  llie  seconilary  forras  only  np- 

I  iti  edges  or  solid  angles,  which  are  then  said  10  be 

r  replaced.     Thus,  in  Figs.  29,  30.  and  31,  ibe  solid 

)  are  replaced  (or  truncated)  by  tlie  faces  of  an 

(  !n  Fig.  33  llie  edges  of  the  cube  are  replaced  by 

I  of  thct  dodecahedron  ;  in  Fig.  33  the  edges  of  the 

iHodron  are  modified  in  the  same  way  ;  and  in  Fig,  34  tlio 

ingled  of  a  dodocaiiedron  are  replaced  by  llie  I'-Mm  uf  an 


•  reladun^  of  llic  simple  forma  to  each  other,  which  deier- 
>very  case  ihe  posxlinn  of  ihe  secondary  plane«,  will 
I  mdily  fceen  on  coropannj;  together  the  figures  already 
I  OD  page  138.  These  figures,  like  nil  crystallographic 
nvrla^,  are  geometncal  projections,  and  reprei^enl  the  planei 
f  ifae  Mine  relative  po-^ition  towards  the  crystalline  axes  which 
f  hare  0(1  the  crystal  itself.  Moreover,  tince  in  all  figurHt 
t  crytfals  of  this  system  the  axes  are  drawn  in  absolutely 
■fl  ramie  position  on  the  plane  of  the  paper,  the  fame  face  has 

o  tbo  taiBC  position  throu|;houL 
\  A*  a  general   rule,  nil  the  limitar  parts  of  a  misf'J  nr« 
itltf  and  timilarli/  modified.     This  iinpurUiiil  lnw, 
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simple  inference  TrDm  the  prinripki  nlrsaAj  all 

till  by  ih'i  figures    jmt  piven.  an-l   bIsu    bj    i 


35  lo  50.     By  carefully  Bindying  tlie>e  Gi^ure*,  i 
25  lo  S8  on  page  142,  the  atuiieDt  will  bo  iible  to  0 


the  CDmpoiind  cryBlnls  here  rwpntsentml  to  ono  or  the  q 
9  of  symmetry  ftlrt^ady  ilu^criboil,  nnJ  GnoiD'll 


tiiniihir  prjfiioe  lie  will  ti'iim,  bfttti-r  ihnn  fri>ia  aaj  i 
tioiiK.  bow  olearly  thn  modUlcaLigns  on  »  ci7>lal  (Mill  ■ 
rtyUBllusniphk  rvlAU'oni. 


CEYSTALUNE  FORMS. 


145 


81.  ffcntihfJmi  Forms.  —  To  Uie  law  governing  the  modi- 
r  cr^BUiIs  just  Elated,  rhcre  u  one  important  exccp- 

Fl«.  W.  Ilg.  n.  Pig.  48. 


Il  not  nnfreiiueiitly  happens  tliat  /lalf  the  similar  pnrtt 
I  ni-B  inodijjrd  iadepeHdeiUly  of  the  other  half.     TLui 


{n  Pi^.  fil   only  one  balf  of  the  solid  atig)e»  of  ibo  cubrt  r' 
tnmmtnt.     Tht  modifying  form  id  this  case  is  the  lelrahedro 


I,  alio  a  ^inij'lc  form  of  Uk;  i-onniric  fiV-ti'm.     '\Vlir!i 

solid  an>.-1c9  of  the  cube  are  truncated,  the  modifying 

I,  M  \ma  Ixwn  ahawn,  is  the  octahedron,  and  the  relation 

I  the  t«trnhi-dron  benre  lo  the  ocialicdron  is  shown  l-y 

The  rhombohcdron.  Fie,  hi.  etaod*  in  ft  cimilnr  n^ 

the  favzagotiKl  jiyramid.  Fig.  53.     Prum  tlie-e  ftgurM 


I 

I 

I 

( 
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it  is  evident  that  wliile  ilie  oclaheilron  and  the  hexagonal  pyM 
mid  have  all  Uie  plunea  which  [>erfi:ct  t^j'mmelr^  requiri»,  d 


tetrahedron  and  iho  rhombohedron  have  only  half  the  numba^  J 
and  iti  crystnllography  all  forms  vrhich  bear  a  similar  relations 
to  the  forms  of  perfect  symmeiry  are  said  to  be  Aentil)edr4^ 
while  the  forma  of  perfect  symmetry  are  diBtinguished  a^  Aoh- 
liedral.     The  hemihedral  forms  are  quite  numerous  in  ftll  the 
eystems,  but  with  tlie  exception  of  tiie  tetrahedron,  rbombabn- 
dron,  and  scalenohedron  (t'ig.  17),  they  e«ldom  appear  except 
as  modifying  planes  on  the  edges  or  solid  angles  of  the  more 
perfect  form?.     As  a  general  rule,  they  are  easily  recogniieii, 
but  not  unfrequently  they  give  to  a  crystal  the  aspect  of  a  dif- 
ferent system  from  that  to  whiuh  it  really  belongs,  and  may 
lead  to  false  inferences ;  but  these  can,  in  most  cases,  be  cor- 
rected by  a  careful  study  of  the  tnterfacial  angles. 

82.  Jdenlity  of  CrystaUine  Form.  —  As  has  already  been 
Stated,  every  substance  is  raiirkcd  by  certain  peculiarities  of 
outward  form,  which  are  among  its  most  essential  qnalilies.  mul 
we  must  next  learn  in  what  these  peculiarities  consist.  Asa 
general  rule,  the  same  substance  crystallizes  in  the  same  form. 
but  under  unusual  circumstances  it  frequently  appears  in  other 
forms  of  the  same  system.  Thus  fluorspar  is  usually  found 
crystallized  in  cubes,  hut  in  large  collections  crystals  nf  this 
mineral  may  be  seen  in  almost  all  the  holohedral  forms  of  ibe 
ieometric  system,  including  their  numerous  combinations.  In 
like  manner  common  salt  usually  crystallizes  in  cubes,  but  oat 
of  a  solution  coniainiug  urea  it  frequently  crystallizes  in  acta- 
hedrons.  Moreover,  the  same  principle  holds  true  in  n-ganl 
to  suhsiances  crystallizing  in  other  systems,  most  of  whose 
forms  never  appear  except  in  combination.     Thus  the  mineral 
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i|Tiarl2  generally  bIiows  the  simple  combiaation  represented  in 
i'ig.  4  !  but  more  than  one  hundred  oiher  forms,  all,  however, 
^longing  lo  the  eanie  sy^lem,  have  beea  observed  on  crystals 
of  thU  well-known  substance.     So  alito  the  crystals  of  gypsum, 
■ugitBi  and  felspar,  in  moi^t  cases  present  the  forms  already 
Sgured  on  page  142,  althoitgh  other  forms  are  common,  which, 
however,  iu  taeh  caae  all  belong  to  the  same  crystalline  sysiem. 
We  lU'ver  find  ihe  same  Eubstance  in  the  formB  of  different  sys- 
tems except  in  those  ca^es  of  polymorphism  already  described, 
page  1S5,  where  the  dilFerences  in  other  propertjes  are  so  great 
thai  [lie  bodies  can  no  longer  be  regarded  as  the  same  substance. 
Among  substances  crystallizing  in  the  isometric  system  the 
cryatalliue  form  is  not  so  distinctive  a  character  a«  it  is  in  other 
s.     In  this  system  the  relative  dimensions  are  invariable, 
the  octahedron,  the  dodecahedron,  and  the  cube,  more  or 
iDodilied  by  different  replacements,  are  the  constantly  re- 
ing  forms.     Even  here,  however,  specific  differences  may 
mcB  be  found  in  the  fact  that  some  substances  aSect  liemi- 
hednU  forms  on  modificalion,  while  others  do  noL     In  all  the 
Mlier  systems  the  diraeusions  of  the  crystal  (the  relative  lengths 
of  its  ues  and  the  values  of  the  iiileraxial  angles)  distinguish 
substance  from  every  other.     But  here,  also,  the  general 
mn.1t  be  somewhat  modified. 
We  fre(]uent1y  find  on  the  eryslala  of  the  same  substance 
lercral  forms  having  different  axial  dimensions.     Thus,  on  the 
OTSlal   represented  by  Fig.  5G,  belonging  to  the  tetragonal 
,  there  are  three  dilferenl  octahedrons,  and  three  eor- 
hng  values  of  the  vertical  axis.     But  if,  beginning  with 
the  planes  of  the  octahedron  O,  we  determine 
Ibe  ratio  wliicb  its  verlical  axis  bears  to  the 
length  of  the  two  lateral  axes,  and 
this  value  a,  we  shall  find  that  the  cor-     I 
Kcpoailing  values  for  the  two  other  oclahc-     I 
Aroo*  arc  2a  and  ja  respectively.     More- 
over, if  we  extend  our  study  we  fhall  also 
AmI  ihat  this  example  illustrates  a  general 
inriple,  and  that  t/ie  tryilalUm  fnrmi  of 
ffittn  MuiUanee  include  not  only  tkote  of 
tdaOictd  axial  dimmsiom,  but  abo  thatt  whote  diineniioin  bear 
taeA  OtAfr  lomt  timplt  ratio. 
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TliiB  most  important  law  gives  to  the  Bctence  of  CfTStalloi 
rapliy  a  mathemaiical  ba^is,  and  enables  us  to  apply  the  exbav 
live  methods  of  analytical  geometry  in  iliscuasing  ibe  various 
lations  of  the  subject.  Among  ihe  actual  forms  of  a^ren  s 
Etunce  we  dx  on  some  ooe  as  the  fundamental  form,  and,  takiq| 
die  values  of  ila  asial  dimensions  as  our  slaudards,  ve  I 
to  express  the  pOBJiion  of  the  planes  of  all  the  possible  ft 
means  of  very  simple  symbols,  and  also  to  '.'Xpress  by  a 
matica]  formulie  the  relations  of  the  interfacial  angles  t 
same  fundamental  elements  of  the  crystal;  so  that  Uv 
may  readily  be  calculated  from  the  other. 

It  may  seem  at  first  sight  that  the  crj-slallographiD  distb 
between  ditTereot  tiubslances,  insisted  on  above,  is  greadjr  a 
acured  by  the  important  limitations  just  mode.     Bnt  it  ii 
so,  at  least  to  any  great  extent.     The  sekclion  of  the  fane! 
menial  form  of  a  given  substance  is  not  arbitrary,  aliho ugh  h 
based  on  considerations  which  it  lies  beyond  the  scujie  of  t 
book  to  disi!uss.     Moreover,  an  error  in  this  choice  is  not  ft 
damenlal,  since  the  true  conception  of  the  form  of  n  tnbsta 
includes  not  only  the  fundamental  form,  but  all  those  which  a 
related  to  it.     This  eoncepiion,  though  not  readily  eraboiliei" 
ordinary  language,  is  easily  expressed  by  a  general  a 
ical  formula,  and  is  as  tangible  to  one  familiar  with  the  subject 
as  the  general  statement  first  made. 

But  however  obscure,  to  those  who  are  nut  familiar  with 
mathematical  conceptions,  may  be  the  distinction  hetweeo  tl 
forms  of  different  substances  in  the  sacae  system,  th 
between  the  different  systems  is  clear  and  defjnite,  ami  it  1 
with  this  broad  distinction  that  we  have  chieliy  to  deal  I 
chemical  classi  Goal  ion. 

83.  Irregulariiies  of  Cryitali.  —  It  must  not  ba  luppoHi 
that  natural  crystals  have  the  same  perfection  of  form  i 
regularity  of  outline  which  our  figures  might  seem  lo  indica 
In  addition  to  being  more  or  less  bruised  or  broken  fi 
dental  causes,  crystals  are  rarely  terminated  on  all  side 
or  more  of  the  faces  being  obliternled  whore  the  crystal  u  t4 
planted  on  the  rock,  or  where  it  is  merged  in  other  cryRtu 
But  by  ftir  tlie  most  remarkable  phase  which  the  irrepiilarlUl 
of  crystals  present  is  that  shown  by  Figs,  57  to  G7.  By  e 
paring  together  the  (i^'iirea  whirli  have  been  here  grupped  I 
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IfUier  on  the  page,  and  which  represent  in  each  case  different 
Epliawa  of  llio  same  crystalline  (arm,  it  wilt  be  seen  tfaat  tha 
I  nriatioDS  from  tiie  normal  type  are  caused  by  the  undue  de- 

yig.  58. 

Pig-  67. 


flopnicnt  of  certain  planes  at  the  expense  of  their  neighborB, 
or  by  an  abnormal  growth  of  tlie  crystal  in  some  one  direciion. 


Such  forms  aa  these,  however,  although  great  departures 
the  ideal  ffeometrical  lypea,  are  in  perfect  harmony  with 
tie-  fS- 


>  prind(iles  of  crystalloj^aphy.     The  axi.s  of  a  crystal  is  not 
■•fioile  line,  but  a  definite  direction ;  and  the  face  of  a  crjital 
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is  Dot  a  plane  of  definite  size,  but  elmply  an  extension  in  two 
definite  direetionB.  These  directions  are  the  only  fundamental 
elements  of  a  ciystalliiie  form,  and  tliey  are  preseired  under 


all  cnmlitioiis.  as  is  proved  by  the  constancy  of  ihe  iiilerfiici.'J 
angles,  uud  of  tlie  mod  ifi  cut  ions,  on  crj'stuls  uf  ihe  same  6ab- 
■tance,  however  irregular  may  have  been  the  developmenL 
84.   Ticin  Cri/staU.  —  Every  crystal  appears  lo  grow  bjliw 
slow  accretion  of  malerial  around  some  nucleus,  wbich  is  asiM~' 
a  molecule  or  a  group  of  molecules  of  the  same  sabstaoee,  ij 
which  we  may  call  [he  crystalline  molecule  or  genn.     Now) 
raust  suppose  tliat  these  molecules  hiive  the  same  difference 
diflerent  sides  which  we  see  in  the  fully  developed  crjntkliB 
which,  for  the  want  of  a  better  term,  we  may  call  polarity.  T 
a  general  rule,  in  the  aggregation  of  [he  molecules  a  j 
parallelism  of  all  the  similar  parts  is  preserved.    But,  if  moll 
ular  polarity  at  all  resembles  magnetic  polarity,  it  may  welll 
that  two  crystalline  molecules  might  become  attached  U>  a 
other  in  a  reversed  position,  or  in  some  other  definite  posilfa 
determined  hy  ttie  action  of  the  polar  forces.    Assume  now  tl 
each  of  these  crystalline  molecules  "  germinates"  and  the  n 
would  be  such  twin  crystals  as  we  actu.-Oly  find  in  nature.   Thb^ 
result  is  usually  the  same  as  if  a  crystal  of  the  normal  form 
were  cut  in  two  by  a  plane  having  a  definite  position  toivurds 
the  crystalline  axes,  and  one  part  turned  half  round  on  the 
other  i  and  twins  of  this  kind  are  therefore  called  hemitrnpes. 
Figs.  C8  lo  71.     At  other  times  the  germinal  molecules  seem 
to  have  become  attached  with  their  dominant  axes  at  right 
angles  to  each  other,  and  then  there  result  twins  such  as  or* 
represented  iu  Figs,  72  and  73 ;  and  many  other  modes  of  twin- 
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ire  pos^ble,  Some  Bubsiances  are  much  more  prone  to 
rmation  of  Iwin  crystals  than  oibcra,  and  the  same  suli- 
genemlly  afTeots  the  same  mode  of  twinaitig,  wliidi  may 


pcotne  an  important  Bppcific  charociir,    Tiir?  j.lan 

(I'd  tiie  two  members  of  a  twin  crysiul,  calluJ  the  ])1ut 


nning.  has  always  a  delinite  poeiiion,  and  ia  in  every  caw^ 
•1  «ther  to  an  actual  or  (o  a  possible  face  oo  both  of  (bo  | 


En  crystnia  always  preserve  the  same  aymmclry  of  group- 
id  the  values  of  llie  inlnrfacial  angles  between  the  two 
are  consiani  on  crjataU  of  ihe  same  substance,  ^n  that 
nif;ht  Mtmetitnea  bi:  miBlaken  for  simple  crystals  by  »n- 
ted  obfterverit.  There  is,  howfiver,  a  simple  crileinon  by 
ihey  can  be  ^nerally  disiingnii^hfd.  Simple  crystal* 
have  re-entpriiiB  angles,  and,  wheiieTer  these  occur, 
rUdi  subtend  them  must  belong  to  two  individuals. 
t  Santa  prim-iple  whleh  bad*  to  (he  formatii>ri  of  1 

'  determine    the    groupiUK  of  jeveral  pcrminj 
lie  formation  of  fur  more  compli'] 


]:.2 
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biiiHiions.  Frequently,  as  It  woulil  seem,  a  larg^  aaahtr  f 
inuluctilea  arniii^  llii^miHilvud  in  a  line  iviili  ili<.-ir  priuol{)i 
axei  parallel  and  their  ili^iniilar  end^  togelUer,  and  heaoe  r 
Fult  tiiitar  grou[js  of  crvstaU  iilieniuting  in  {lositioa,  butsc 
into  eaoh  other  as  lo  leave  no  evidence  of  the  compoaiie  chat 
HCter  except  the  re-eniering  angles,  and  frequeaily  llicM  a 
marked  only  by  the  strinlions  oti  ilie  surface  of  the  f 
fiiees.  Such  a  structure  ia  peculiar  to  certain  minerela,  a 
(lie  resulting  slriation  freijucutly  serves  as  on  iuiportant  n 
(if  distiiietion.  The  orthucla^e  and  (he  klinuclase  feUpore  4 
distinguished  in  iWis  way. 

85.   CryMlalliitt  Slruclurt.  —  The  crystalline  form  of  «  b 
\i  ouly  one  of  the  manife.^lalion^  of  iu  crystalline  etruotiu 
Tliiri  abu  appear'^  in  various  physical  pi'ogierties,  which  a 
(jupntly  of  great  \alue  in  fixing  the  crystal lographic  reUuJoi 
of  a  sulHiance,  and  such  is  cq[iecja]ly  the  ca^e  when,  < 
count  of  the  iinperltt-tion  of  the  crystals,  the  crystalline  fonn  Is 
objure.     Of  llie'te  ph}si<.al  qualities  one  of  ike  must  impur* 
tail!  ia  cleavage. 

As  a  general  rule,  cryslallwed  boilies  may  bo  split  mora  or 
less  readily  in  ccriaiu  definite  direetions,  called  plunea  of  cleafil 
H^.  wliicli  aru  always  parallel  either  to  an  actual  or  lo  a  po^J 
sible  face  on  the  crystals  of  the  ^ub^taDce,  and  are  thus  intir'J 
niarely  associated  with  its  cry  Mai  line  structure.  AltiroeatbaJ 
cleavage  is  very  easily  ohiained,  wheit  it  is  said  10  be  emina^M 
u  in  the  case  of  mii'a  or  gj-psum,  which  can  rea>lilj  beaplifcfl 
irilu  exceedingly  ibin  leaver,  while  in  other  cnsea  it  can  onI](jH 
be  efTecled  by  using  snme  sharp  tool  and  applying  oonsidentUQd 
meehnnicnl  tbi-ce.  With  a  few  unimportant  cxeeptiom  llNfl 
cleavage  planes  have  the  ^ame  puT^ilion  on  all  speciinena  nf  I^H 
same  substance.  Thus  ^peeimena  of  fluor-«:piir  may  be  resd|^| 
cleaved  parallel  to  the  faces  of  an  ociahedron,  Fig.  5,  those  ^| 
galena  piirallel  to  the  faces  of  a  eii1>e,  Fig-  7,  ihme  of  bIeoi^| 
parallel  lo  the  faces  of  a  dodecahedron.  Fig.  6,  nod  thow  ^H 
calc-.«par  parallel  lo  the  faces  of  a  rhombohedron,  Fi^  IS.  j^| 
ihi<«>e  coses,  and  in  many  oiliera.  the  cleavage  is  a  more  disdfl^H 
lire  character  than  the  external  form,  and  can  be  more  ft^| 
()iienily  observed,  and  we  generally  regard  the  form  i)rodue^H 
by  the  union  of  the  several  planes  of  cleavage  as  the  Aim^H 
menial  form  of  the  snlratance.  ^H 

A^in,  we  always  find  that  cleavage  is  obtained  with  <s]ii^H 


CRTSTALLISt    FONJIS.  1j3 

nr  d'flicnihr  psroil"!  to  similar  faces,  awl  wiih  unequal 
or  illir.(?u'iij  parallel  li>  ilissiiiiii^ir  fuwa.  Moreovpr,  tlio 
ivnge  faee*  thas  obimut^d  may  generally  be  dis- 
llii^ii^bed  from  eacli  other  by  differences  of  lusire,  strialinn, 
md  other  [ibyniciil  eharacler ;  and  »uch  distinctions  ai'e  fri^- 
iiRfntly  a  gi'eal  bcl^i  in  etiKlying  ibe  crystallographic  rcbiions 
i'  a  »iil)-[ancu.  Similar  differences  ou  ibe  natural  fuces  of 
trytixili  nrv  also  eiinally  valuable  guid'^s. 

Bnt.of  nil  the  modes  ufinvcsli^nlitig  the  crystalline  Blrnclure 
of  H  body,  none  mn  compare  in  elBci<*ncy  with  the  u~e  of  polar- 
iicil  ligbl.  It  i;  impoe-tihle  to  explain  the  theory  of  this  beau- 
itifiil  application  of  the  pcinciples  of  optics  niihout  extending 
ia  cbapter  lo  a  length  wholly  incompatible  with  ibe  design  of 
lb  book.  It  must  suRice  lo  luiy.  tliat  if  we  examine  with  a 
■ixing  microscope  a  tliio  slice  uf  any  transparent  crystal  of 
itiier  the  ctrcond  or  ibird  system,  cut  parallel  to  the  dominant 
xia.  w6  M«  a  ><erie9  of  colored  rin^s,  intereected  by  a  black 
■WW,  and  it  it  evident  tiiat  the  circular  form  of  the  rings 
■uirers  to  the  perfect  tiymmolry  wbicli  exists  in  the^e  eystema 
TMtnd  the  verlicol  nx'if.  If,  however,  we  examine  in  a  similar 
nr  K  slice  from  a  crystal  of  one  of  ibe  last  three  systuRia,  cut 
I  a  definite  direction,  wliich  depends  on  the  molecular  structure, 
ad  mupt  be  found  by  trial,  we  see  a  series  of  oral  rings  with 
ira  distinct  centres,  indicating  tlmt  the  symmetry  is  of  a  dif- 
rrttnt  type.  Moreover,  the  distribution  of  the  colors  around 
lie  two  centres  corre-'ponds  in  each  case  to  the  peculinriiie*  of 
ho  molecular  structure,  and  enables  us  to  decide  to  which  of 
lie  thrve  syiicms  ihe  crystal  belongs. 

l^M  uae  of  |>olanzed  li^dit  has  revealed  remarkable  differ- 
neen  of  diniciure  in  difliTent  crysmls  of  the  same  substance, 
nno>*<!led  with  the  hemiheilral  modifications  described  above. 
Im  Figures  74  and  76  represent  crystals  of  two  varieties  of 
inaric  acid,  which  only  diflfer  from  each  other  in  the  position 
t  two  bemibedral  plani^,  and  are  ho  related  that  when  placed 
mtbre  a  mirror  the  image  of  one  will  be  tlie  exact  representa- 
ion  of  the  other.  The  iiitermedinte  Figure,  75,  represents  tlie 
nmti  rrjslH]  without  th<-i^e  mod ifi cations.  Since  Ihe  solid 
ngW  are  alt  similnr,  we  should  expect  to  find  ihem  nil  modi- 
ied  uniultancoui'ly ;  but,  while  on  crystals  of  common  tartaric 
cid  ooljr  Iho  two  front  an^ili'S  (as  the  R^ire  is  di-awn)  are  re- 
n  Tiuiely  of  tbia  add  has  been  discovered  lwv\Qg,um> 
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lar  crystali,  whose  back  angles  only  are  modified.     Now,  it  ii 
found  Ibat  a  solution  of  the  common  acid  rolati's  ihp  plane  of 

polarization  of  a  Luam  of  liglil  to  ihe  right,  wLile  a.  Bimilar  so- 


lution of  lliis  remarkable  variety  rotalca  tbe  plane  of  polarisa- 
tion 10  the  left.  Tliis  difference  of  crystalUoe  structure,  more- 
over, is  associated  with  certain  small  differences  in  tliu  ohemi- 
cal  qualities  of  the  tiro  bodies ;  but  the  difference  U  so  sliglit 
that  we  cannot  but  regard  them  as  eBBeniinllj  the  same  sub- 
stance, and  tbe  polarised  light  thus  reveals  to  lis  the  be<;infi)Dgs 
of  a  difference  of  structure,  which,  when  more  developed,  mani* 
fusts  itself  in  (he  phenomeoa  of  isomerism.  It  is  a  remju-knUe 
fact,  worthy  of  notice  in  llii^  connection,  that  the^e  two  varii^lie* 
of  tartaric  acid  chemically  combine  with  each  oilier,  Ibrmlii"  k 
new  substance  called  racemic  acid. 

Quetlions. 
1.  By  what  peculiar  mode  of  symoiHtry  may  each  of  the  six  pry»> 
talline  pysteins  he  distiaguisbed  ?  llow  may  cryetab  belrm^ing  to 
tbe  Ut  syalem  be  recognised  '/  How  may  crystals  of  the  3rl,  Sd, 
and  4lh  nyntems  be  dislin^iBliGd  by  studying  tbe  distribuiioa  iJ 
tlie  alniilar  pinnes  around  their  terminatious  or  dominant  aseiT 
By  »bBt  ppcuiiar  distribution  of  similar  planes  may  the  crystal)  d 
the  3th  and  6th  syslenis  bu  diKliuguiahed  from  all  nthers  'f  Stala 
the  system  to  which  each  uf  Ihe  (Tyttals,  repreaenteil  by  tho  varimu 
figures  of  this  chapter,  beloiigs,  aud  give  iho  nsason  of  your  answa 

8,  We  find  in  the  mineral  kingdom  tirn  diffVrcnt  octahifdra!  Corwt 
of  titanic  acid  belonging  to  the  tctrnpoiiBl  syrtcm.  In  one  of  llim 
forms  the  ratio  of  the  imifjual  axes  a  1  :  O.G-142.  in  thi>  other  it  W 
:  J. 7733.     Can  thece  fornii  belong  to  tbe  samB  mineral  eubsianusf 
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88.    General  Prinrlplta.  —  If  iii  a  Tessel  of  dilute  sulphuri 
U  (one  part  of  acid  lo  twenty   of  water)  we   sui[)ei>d 
IIO  bf  xioc  nnil  a  plate  of  plallnura,  opposite  to  each  otiie. 
ri  sot  in  conlacl,  we  6ii']  tlial  no  cljemical 
HPb   Khatpver   tiiki^s    place,    provided    tlie  Fis.  "T- 

A  Rnd  llu)  acid  are  perfectly  pure.  As 
•D,  IvowcTer,  aa  tbo  two  plates  are  united  by 
copper  win',  &»  represenled  in  Fig.  77,  cbcm- 

'  action  iniuedtately  ensues  and  tbe  follow- 
pbeiiomeiia  may  be  observed.  First : 
aliblrg  of  hydrogen  gas  are  evolved  from  llie 
Tfaoe  of  the  plaiinuni  plate.  Secondly : 
he  zinc  plale  slowly  dtasolves,  the  zinc  combining  witb  the 
dleal  of  tbe  arid  to  form  zincic  sulphate,  wliicb  i^  soluble  in 
»ter.  Lastly :  A  pei'uliqr  mode  of  atomic  motion  called 
Niricity  la  transmitted  through  the  copper  wire,  as  may  be 
tde  evident  by  appropriate  means.  If  the  couneirtion  be- 
reen  the  plates  ia  broken  by  dividing  the  conducting  wire, 
e  cliemicol  action  instantly  slops,  and  the  current  of  elec- 
irily  oea»es  Vn  flow ;  liut,  as  soon  aa  the  connection  is  renewed, 
CM  phenomena  again  appear. 

Sitnllar  effects  may  be  pro;luced  by  other  combinations  tbao 
le  Olid  just  mentioned,  provided  only  ceriain  conditions  are 
~n  the  first  place,  the  two  plates  must  consist  of 
Bteri«!s  wbicli  are  unequally  affecled  by  the  liquid  contained 

Uw  vessel,  or  cell ;  and  the  grealer  the  difference  in  this 
Uffed,  within  manageable  limits,  the  belter,  lu  the  second 
■ce,  tlie  mnlerials,  both  of  plates  and  connector,  mnM.  be  con- 
ictori  of  clectridiy  ;  and,  jasily,  the  liquid  must  contain  'ome 
ibetance  for  one  of  whose  radicals  llie  maierial  of  one  of  ihe 
has  sufficient  alSnity  lo  determine  the  decomposition  of 

etun pound  lu  iioluijon. 
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Fig  Ta 


Pmclicallj,  the  combinntion  first  menlioned,  wjlh  a  I 
eliglit  mtxliliuLtions  i^  found  lo  be  the  best  adapted  fur  getief 
use ;  but,  in  order  to  bring  tbe  plienomena  before  our  mindi  fe 
their  BJmplest  form,  we  will  assume  —  other  things  being  U 
name  lis  before —  that  ihe  eompound  i 
tion  is  hydrochloric  acid,  HCl,  since  lli 
twists  of  a  simple  negative  radical  uniied  to 
a  eimple  positive  radical.  In  This  cnse  the 
gjiHce  bctweeQ  the  plates  ia  tilled  with  mole- 
cules consisting  of  hydrogen  and  chlorine 
atoms,  as  is  indicated  in  Fig.  78,  where  we 
have  Bitempted  [o  represent  by  symboU  a  single  one  of  lliu 
innumerable  lines  of  moleeules  of  which  we  may  coaeeive  a« 
uniting  the  two  phil^s.  The  zinc  pisie,  in  virtui'  of  the  power- 
ful afiinity  of  zinc  for  chlorine,  axtrauls  the  chlorine  atoms, 
vhich  rush  toward4  it  with  immense  vcludty ;  and  the  budden 
arrest  of  motion  wliich  aileuUs  the  union  of  the  chlorine  with 
llie  line  lias  tlie  effect  of  an  incessant  volley  of  atomic  shot 
against  the  face  of  the  plalc.  Each  of  ilie  atoniio  blon-s  muat 
give  ail  impulse  to  the  molecules  of  the  metal  itself,  wlnuh  will 
be  transmitted  from  molecule  to  molecule,  through  the  material 
of  the  plate  and  the  connecting  wire,  in  the  iMime  way  thai  a 
ehock  is  transmitted  along  a  line  of  ivory  balU;  and  an  e!c(^ 
trie  current,  as  we  conceire  of  it,  is  merely  a  wire,  or  oilier  con- 
ductor, filled  with  innumerable  lines  of  oscillating  molecules. 

But  these  very  impulses,  which  impart  motion  to  the  metak 
lie  molecules,  react  on  the  liquid,  forcing  buck  the  hydrogtm 
atoms  towards  the  platinum,  and  the  result  is  a  constant  mo> 
lathesis  along  the  whole  line  of  molecules  between   lb"  two 
[ihitds ;  Ml  that,  fur  eveiy   atom  of  chlorine   which  enters  into 
union  with  the  Einc,  an  atom  of  hydrogen  is  set  free  iit  ihe  Otce 
of  the  platinum  plate.     Thus  we  have  the  sin'rnlar  |>hi>iiome- 
non  produced  of  two  coexisting  atomic  current:*  throui^hoDt 
the  mass  of  the  liquids,  a  Ktream  of  chlorine  atoms  c-oii--lA»tl7 
Betting  towards  the  zinc  plate,  and  a  stream  of  hydrogen  ninma 
flowing  in  tlie  opposite  direction,  in  the  same  space,  lowonb    ' 
the  platinum  plate.     Corresponding  to  this  motion  in  the  man    i 
of  the  liquid  is  the  peculiar  atomic  motion  in  the  tnelnllic  oon-    ' 
duciors.     The  two,  for  some  unknown  rea.«on,  arc  mutuallf 
dependent;  aod  the  moment  the  connection  is  brvlccn,  fo  tbat 
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Ibe  (notioa  can  no  Innger  be  lrant;mitl(Ml  tlirough  tlie  ron- 
ilactur,  lite  motion  in  iliu  liquid  it8L-lf  cen^ea.  As  rc^nls 
tlie  minlc  of  tttomic  motitm  in  ihe  solid  metiillic  conUutUors,  wc 
liHvc  lircn  annbia  to  fonn  any  clear  conceptions.  Altlioiigh 
Bpp&rcntly  allied  to  bent,  this  peculiar  mode  of  ulomic  motion, 
cailvd  triectricit}-,  is  capnlilo  ol"  [irodiiciiig  very  different  claeses 
of  eflccL*,  und  has  the  remarkable  pdwer  of  imparting  to  the 
unlike  utom:'  of  almi>^l  all  compoini'I  bixlie^  the  same  opposiie  . 
lotioiu  wbidi  nllend  ita  first  prcxlui'lioii.  In  our  ignonince  of 
•  nwurct  ibe  direction  we  a^ign  to  the  electric  current  is  in 
Mai  menBure  arbitrary;  and  it  is  more  probable  that  a  Iwo- 
lU  current  coexists  in  the  conducting  wire,  corresponding  lo 
which  we  have  recognized  as  actually  flowing  through  the 
"  between  the  plates  of  the  cell.  The^e  two  currents  have 
Ikct  been  diatiitguished  by  different  names ;  that  flowing  into 
t  eondactin^  wire  from  the  plRtiniim,  or  inactive  plate,  being 
the  povitire  cunent,  and  ihai  from  the  sine,  or  arliiv 
laU,  ibe  negative  current.  These  names,  howe>er.  are  iiiieinferi 
I  indicate  mei'ely  some  unknown  oppo-iiion  of  rclutions  he 
rcctn  ibe  two  lines  of  moving  aioma,  and  not  an  essential  dit- 
weittX  in  the  mode  of  ihe  motion,  Reii?oiiing  from  ceiiain 
cslianicnl  phenomena,  the  physicists  originally  assumi'd  iliut 
»cle<3rirn1  current  flowed  iu  but  one  direction,  that  is.  through 
M  eonducting  wire  from  the  plaiinnm  plnle  to  the  zinc,  and 
MB  tbe  line  pbite  through  ibe  liquid  back  again  to  (he  plui* 
WD  ;  and  now.  when  the  direction  of  the  cuirenl  is  epoken  of, 
{a  this  dirrciicin,  that  of  the  positive  current,  which  is  always 


87.  Eltetricd  Con-iueli 
^IcnaU  irunsmlt  the  eli 
«n  of  fkmllly  1  for  whili 
to  motiun  \»  easily 


Power  or  liemtance. —  Dinirint 
a  current  wiih  very  diilitrent  de- 
Botne  thi-'  peculiar  form  of  nuilec- 
rl,  in  otliers  the  mDJc<:ules  yiild 


[it  onljr  wilJi  ditlicnlty.  and  many  suh.-tnnces  & 

^■Meplible  of  iL     The  conducting  powcra  of  different  meiallic 

|rfaca  Bwe  l>een  very  csrefully  studied,  and  some  of  the  most 

■twiirthy  results  an-  collected  in  the  following  table.     Silvur 

)  the  ))^>  conductor  known,  and,  assuming  thai  a  silver  wire  of 

Efilitfc  fixa  nuil  100  centimetres  long  is  taken  as  the  standard, 

imb«r  Dppo-iie  the  name  of  each  metal  \*  the  len<!lh  in 

■(imetnu  of  a  win;  maile  of  lliis  mctid,  and  of  the  Mituu  fho 
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us  the  first,  which  will  oppose  iLe  same  resistance  lo  the  trens- 
misaion  of  the  current.     The  second  column  givea  tlie  reluiiva 
reeistancea  of  wires  o(  the  snine  materials  when  of  equal  sis^ 
and  of  equal  lengths.    The  relative  or  iptetfic  restslaiKU  of  ival 
euch  wires  must  evidently  he  inversely  proportional  to  ihdr^ 
conducting  powers,  nnd  tliua  the  Dumbers  of  the  second  column 
ore  easily  calculated  from  those  of  the  first.     For  the  results 
collated  in  this  Inhle  we  are  indebted  to  the  iiireful  invealig»- 
tions  of  Professor  Matthie.-^sen.  . 
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If,  next,  we  compare  wires  of  the  same  material,  hut  of  dif- 
ferent sizes,  we  find  that  the  resistance  increases  as  ihe  length, 
and  diminishes  as  the  area,  of  llie  section.  Moreover,  if  wfl 
Adopt  some  absolnle  standard  of  resistance,  like  that  selected  by 
the  English  physicists,  we  can  easily  express  the  resistance  of 
any  given  conductor  in  terms  of  this  unit.  It  must  bo  remen^ 
bered,  however,  in  making  such  comparisons,  that  the  resi«l- 
ance  varies  willi  the  lemperature,  and  also  that  the  eondnc 
power  of  the  same  metal  is  materially  iotlueneed  both  bjrfl 
physicai  condition  and  hy  the  presence  of  impurities. 
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04tn"«  Law.  —  T!ie  first  effect  of  tlje  (■hemleal  forces  in 
Ihe  cell  of  an  eteotrical  combination  is  lo  mnrshal  ibe  (1is:iiQiili(r 
UooiB  of  the  active  liquid  between  tbe  plules  into  lines,  wLicli 
It  once  bepn  to  move  in  parallel  columns,  but  in  opposile  di- 
rections (Fig.  78).  Moreover,  each  one  of  tlie^e  linea  of  moving 
Uonu  is  coiiiinui'd  by  a  corresponding  line  of  otcillating  atoms 
b  tbe  conducting  wire,  and  thus  is  formed  a  continuous  circuit 
Klltrning  upon  itself.  Tbe  union  of  all  the  liae»  of  foret  in 
iIm:  Ih'o  opposite  coexisting  streams  constitutes  in  any  case  ilie 
llecirical  curreut,  and  the  different  parts  of  tbii«  contlnuoui^  drain 
UK  ao  TiAalfd  \\\ui  the  total  amount  of  motion  ii  always  tlie  tame 
ft  tvery  point  on  th«  circuit,  and  no  more  hnei  of  moving  atoms 
farm  in  the  li-juid  between  the  plattt  than  can  be  continued 
iirougk  the  oictUaling  atoms  of  the  lolid  cotiduetors. 

If  we  adopt  [bis  theory,  it  is  obvious  that  the  strength  of  any 
electHctil  current  must  depend,  —  first,  on  ihe  number  of  con- 
nvs  of  force,  and  secondly,  on  the  strength  of  the 
Vomic  blows  iranamilted  ibrough  each  of  these  channels.  Of 
Itese  two  elements,  the  first  is  determined  solely  by  ilie  total 
Mbtance  winch  the  various  paria  of  llie  circuit  oppose  to  the 
(kctricul  motion,  and  tbe  greater  this  reHisinnce  ibe  less  will 
<e  the  number  of  the  lines  of  force.  The  second  element  is  de- 
len&iiied  by  tbe  value  of  the  resultants  of  all  the  cbemical  forces 
"  "i  any  combination,  which  impel  the  dissimilar  atoms 
lowardd  the  opposite  plates, — a  value  which  depends  solely  on 
e  rhemical  relations  of  the  materiaU  of  the  plates  In  that  of  Ihe 
■etive  U^id,  and  is  wbal  is  called  the  electromotive  force  of  tbe 
'  m,  a  quantity  we  will  represent  by  jK. 
Il  appears,  then,  from  the  above  analysis,  that  an  electrical 
tunvnt  is  tt  continuous  chain,  which  is  sustained  in  a  regulated 
Itii  n|aable  motiou  in  all  its  parts  by  tbe  chctnical  activity  in 
Ik  ceil,  and  that  the  strengili  of  this  current  nl  any  poitit  of  Lbs 
riuun  most  be  directly  proportional  to  the  electromotive  force, 
ud  Inversely  proportional  lo  the  sura  of  tbe  resistances  tbrough- 
HH  Uu)  circuiL  If,  then,  we  represent  the  resistance  in  the  con- 
btotiog  wire  by  r,  the  resistance  of  the  liquid  between  the  plates 
of  iIm  cell  by  /f,'  and  also  the  strength  of  the  current  by  C,  we 
'.tbaU  have,  iu  every  ca=e, 

t  Hm  twUCaaco  c^  any  circuit  may  be  coDvcuieDtly  •Ijvtded  \aVi  Vwo^iax^ft, 
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Tbe  quantities  C,  Ji,  r,  und  £  may  all  be  accurately  n 
and  Btaiid  in  cat:h  ciu-^e  for  a  ceriaia  numiier  of  arblLrniy  u 
whose  relations  will  hereafter  be  stated. 

89.  EUctromoHve  Force  and  StrengUt  of  Current.  —  It  w 
ECeni  at  fir^L  eight  as  if  the  strength  of  an  electric  current  n 
be  increased  by  Gimply  enlarging  tbe  eizc  of  the  plates  in 
combioation  employed,  and  obviously  the  uumbcr  of  po$»ii 
linea  of  moving  atoms  which  could  be  maraliallei)  la 
between  tbe  plates  would  thus  be  intrreaaed ;  but,  a^ 
totaled,  the  parts  of  the  circuit  are  so  intimately  connected  t 
no  greater  tiumber  of  lines  of  atoms  can  form  between  die  pbU 
than  can  be  contiuued  iLrougli  the  whole  circuit,  and  practica' 
there  may  bo  tbrmed  between  tbe  fmullest  platen  a  vastly  g 
number  of  atomic  lines  llian  can  be  continued  through  an; 
duclor,  however  good  ita  quality  or  however  ample  its  <! 
Hence  it  is,  that  by  increasing  the  »ize  of  the  plates  we  n 
liply  the  lines  of  force  only  in  so  far  as  we  ihei-eby  lessen  ij 
resisiance  in  the  liquid  part  of  the  circuit.     We  tints  ri 
lessen  Jlie  value  of  S  in  Ohm's  formula  [62]  :  but  if  this  ' 
is  already  smiill  as  compared  with  r,  that  is,  if  the  rcsistAii 
tlie  cell  is  smiill  compared  with  that  in  the  conductor,  no  mHt 
rial  gain  in  the  power  of  the  current,  or  in  the  value  of  O,  « 
result.    On  the  other  hand,  if  the  exti'rior  resistance,  r, 
or  nearly  nothing,  as  when  the  plates  are  connected  by  a  ll 
meiatlic  conductor,  then  Uie  value  of  Cwill  increase  in  t 
nearly  the  same  proportion  as  tbe  size  of  the  plates  is  enlar 
and  the  value  of  R,  in  consequence,  diminished.     Under  tl 
conditions,  the  number  of  lines  of  moving  iitoras  iit  gn^atlj 
tiplied,  and  we  obtain  a  current  of  very  great  volume,  bu 
flowing  wiih  the  limited  force  which  fbe  single  cell  is  ci 
of  maintaining.     Such  a  current  has  but  little  power  of  a 
coining  obstacles ;  and  if  we  attempt  to  conden.'^e  it  by  usii 
smaller  conductor,  we  reduce,  as  baa  been  said,  ibe  cfa( 
action  which  keeps  the  whole  in  motion,  and  thus  loHti 
Tolurae  of  the  flow.     This  is  generally  expre-acd  by  i 


Snt,  the  nMiitanca  of  the  ct 
liquid  portion  of  the  ci 
ctf  Ihs  aolEd  coDducCar 


nctiu^  wint^  u 
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I  llio  iiiirent  has  large  ijaantity,  but  small  inteimly,  or  more 
POpcrly,  tltetromotive  power. 

It  most  aon  be  obvious  from  the  theory,  thai  we  cannot  io- 
BOM  *ff©clivcly  the  intensily  of  a  current  (its  power  nf  over- 
milig  «l)Hlaclp^)  williom  in  some  way  increasing  liie  i:lieiuic«l 
livity.  or,  in  oihi-r  woni*,  the  electro-motive  focce  of  the  cum- 
BUion  emplo)i:(l,  and  Ohm's  formula  leads  to  the  same  result, 
r  Ihc  Tolue  ol  r  in  our  formula  is  very  large  as  eompured 
b  Jt,  we  cannot  increase  it  still  farther  without  lessening  ilie 

II  value,  C,  unless  at  ilie  eame  time  we  increase  tbe  value 
f  £.  Now.  lliis  elettro-niotive  force  may  be,  lo  a  certain  ex- 
it, increased  by  using  u  more  active  combination;  but  iho 
lit  in  Mm  direction  is  soon  reached,  and  the  construction  uf 
I  cell  which  has  been  found  practically  lo  be  the  most  effi- 
nt  will  be  described  below. 
We  can,  however,  increase  the  effective  electro-mo  live  force 

}  Rhnost  any  extent  by  using  a  nuDjber  of  celU,  and  coupling 

•to  together  in  the  manner  represented  by  Fig.  79,  the  pla^- 

m  plate  of  tbe  lir§t  coll  being  united  by  a  large  metallic  con- 

:lor  to  llie  lioc  plate  of  the  second,  and  so  on  through  the 

r*  until  linully  ihe  exiemal  conductor  establishes  a  connec- 

n  belwcen  the  platinum  plate  of  the  lost  cell  and  the  zinc 

Ja  of  the  fitflt     Such  a  combination  as  this  is  called  a  Gal- 

nic  or  Voltaic  '  batteiy,  and  the  current  which  flows  through 

'it  a  combinaiitin  has  a  vastly  greater  power  of  overcoming 

oBUuiOQ  iliau  thai  of  any  single  cell,  however  large. 

Tbe  increased  effect  obtained  with  such  a  combination  will 

ttHly  understood,  when  it  is  remembered  that  each  of  tbe 

mcnible  closed  cbains  of  ^,_^  ^, 

■OTing  molecules  now  cx- 

'4    tkrough    Ihe    whole 

binaiion,  and  that  all  its 

II  more  in  the  same  close 

ital  drpendence   as  be- 

|b>&     Bui  whereas  with  a  ('ingle  cell  tlie  motion  throughout 

nj  «ingl«  chain  of  molecnieit  is  sustained  by  the  chemical 

Bt;gy  at  only  one  pi^nl,  it  its  here  reinforced  at  several  points; 
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and  where  berore  we  bad  n  single  alomie  Wow,  we  have  n 
a  number,  wliicb  simuhatieously  send  their  uiiilcfd  cncrgT  nloDg  I 
one  aod  the  E&me  line.     The  effective  electro-molive  |>ower  is 
then  iDcreaaed  in  proportion  to  the  number  of  cells;  nnd  the 
efiect  on  the  current  would  be  iocreased  in  [he  same  proportion, 
were  it  not  for  the  fact  that  the  current  mu^t  keep  in  moiioa  «  J 
greater  moss  of  liquid,  and  hence  the  resistance  is  increased  MpV 
the  same  time.    The  value  of  this  resistance,  however,  is  ead^4 
estimated,  eince  it  is  directly  proportional  to  the  distance  llirough 
which  the  current  has  to  flow  in  the  liquid ;  and  heaoe,  if  ilie 
liquid  is  the  same  in  all  the  cells,  and  ihe  plates  are  at  the 
same  distance  apart  iu  each,  the  liquid  resistance  will  be  a  , 
times  as  great  in  a  combination  of  n  cells  as  it   is  i 
Moreover,  since  the  effective  electro-motive  force  is  n  ti 
great  also,  while  tbe  ext<:rnal  resistance  remains  unchangt 
the  strength  of  the  current  from  such  a  combinatioa  will  ■ 
be  expressed  by  formula  [62]  slightly  modified. 


nit  -|-  r 

Thia  formula  shows  at  once,  that,  when  the  ejtteiior  r 
ance  is  very  small,  or  nothing,  very  little  or  no  gain  will  r 
from  increasing  the  number  of  cells,  for  the  ratio  of  riE  W 
is  the  same  as  that  of  £  to  if ;  and,  under  sncli  conditiom 
order  to  increase  the  strength  of  the  current,  we  must  ii 
the  surface  of  ihe  plates.     If,  on  the  contrary,  the  extei 
sisiance  is  very  large,  the  formula  shows  that  great  gn 
resnlt  from  increasing  the  number  of  tbe  cells,  and  that  E 
or  no  udvontnge  will  accrue  from  enlarging  the  surface  o 
plates.     Moreover,  tbe  formula  enables  us  in  tmy  case  ti 
termine  what  proportion  the  number  of  cells  should  bear  h 
siic  of  the  plates  in  order  to  obtain  the  fnll  effect  of  any  bi 
in  doing  a  given  work;  and  in  the  numerous  appUcdtional 
electricity  in  the  arts  we  find   abundant  illustrations  c 
principles  it  involves.     The  methods  used  in  finding  the  t 
of  the  quantities  represented   in  the  formula  lie  b 
acope  of  this  work,  and  for  such  information  the  student  ii 
ferrcd  to  works  on  Physics. 

90.    ConttruclioHS  of  Cf/!s.—Il  is  found  pracllcally  tl 
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iinple  combiaatlon  of  plates  and  acid  fir-rt  described  mu^t  be 
■igbily  modified  in  order  lo  obtain  tbe  best  results. 
In  the  tirsi  place,  botli  the  zinc  and  sulpburic  acid  of  com-  ' 
icrce  coninin  impurities,  which  give  rise  lo  what  is  called 
action,  and  caase  the  zinc  to  dieaolve  in  iRe  acid  when 
le  batter}'  is  not  in  action.  Fortunately,  however,  it  has  been 
und  that  auch  local  action  can  be  wholly  prevented  by  vare- 
illy  amolgBmating  the  aurlHcc  of  the  zinc  and  filtering  the 

lulaled  water. 
The  mercury  on  the  surlacc  of  the  zrnc  plates  acts  as  a  s^A- 
mU  and  gives  a  certain  freedom  of  motion  lo  the  particles  of 
e  metaL  These,  by  the  action  of  the  chemicnl  forces,  are 
igtil  lo  the  surface  of  the  plute,  while  ibe  impurities  are 
back  towards  the  interior,  so  that  the  plate  eonstanily 
Xposes  a  surface  of  pure  zinc  to  the  action  of  the  acid. 

By  filtering  wo  remove  the  panicles  of  plumbic  sulphate 
'bicb  remain  floating  in  the  sulphuric  acid  for  a  long  time 
hae  been  diluted  with  water,  and  which,  when  deposited 
9  itie  surface  of  the  zinc,  became  points  of  local  aclion,  even 
hen  the  plates  have  been  carefully  amalgamated. 
In  itifl  second  place,  the  continued  aclion  of  the  simple  cora- 
iiution  first  dr^cribed  develops  conditions  which  soon  greatly 
Dpalr,  and  at  last  wholly  destroy,  its  efficiency. 
The  hydrogen  gas,  which  by  the  action  of  the  current  is 
Ived  Bt  the  platinum  plate,  adheres  strongly  lo  its  surface, 
ad  with  its  powerful  affinities  draws  back  the  lines  of  atoms 
Krving  towards  the  zinc  plate,  and  thus  diminishes  the  efiec- 
ivA  elcclro-motive  force.    Moreover,  after  the  Iwittery  has  been 
for  some  time,  the  water  becomes  cliarged  with  zincic 
id  then  the  zinc,  following  the  course  of  the  hydro- 
deposited  on  the  surface  of  ihc  platinum,  which 
while  becomes,  lo  all  intents  and  purpo^e^  a  second 
plate,  and  then,  of  course,  the  electric  current  ceases. 
Dth   of   these   difficulties,   however,  liave   aUo  been  ^ur- 
inted  by  a  very  simple  means  discovered  by  Mr.  Grove,  of 
idon.    The  Grove  cell,  Fig.  80,  consists  of  a  circular  plate  of 
w(fU  amalframaied  on  it*  surface,  and  immersed  in  a  glass 
contaiuing  dilute  sulphuric  acid.     Within  the  zinc  cylinder  ia 
a  cylindrical  Teasel  of  much  smaller  diameter,  made  of 
enrtlicuware,  nnd  tilled  with  the  strongest  nitric  acid, 
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a  thia  Langs  the  plate  of  plat 

Fig.  80. 


m,  Fig.  81.     Tbemdlid 


the  porous  ce)l  allow  both  the  hydrogen  and  the  zin 
pass  freely  on  their  way  to  the  platinum  plate ;  but  the  moi 
they  reach  the  nitrie  acid  they  are  at  once  oxidized,  ii 
the  sorface  of  the  platinum  is  kept  elean,  and  the  cell  ii 
lion  to  exert  its  maximum  eiectro-inotivo  power.  In  this  eom- 
biQation  we  may  eubstitule  fur  the  plate  of  platinum  a  plalo 
of  dense  coke,  such  aa  forms  in  the  interior  of  the  gas  retorla, 
which  is  very  much  cheaper,  and  enables  us  to  constracl  larg< 
cells  at  a  moderate  cost:  The  use  of  gas  coke  was  Gnl  sag: 
gested  by  ProfcBsor  Bunsen  of  Heidelberg,  and  the  cell  so 
constructed  generally  bears  his  name.  The  Buiiscn  cell,  such 
aa  is  cnpresented  in  Fig.  82,  is  exceedingly  well  adapted  for  use 
Fig,  ga. 


the  laboratory.    These  cells  ai-e  usually  made  of  aeiaif^ 
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Dironn  siie,  the  zinc  cylinders  being  about  8  c.  in.  in  diamcii^r 

m.  high,  and  they  are  f'requenily  referred  to  lu  a  rough 

1  of  cleclrical  power.     They  may  be  united  so  as  to 

Bduce  eOectd  either  of  intensity  or  of  quantity.     The  inien- 

y  etTecie  lire  obtained  in  the  manner  already  described  (iee 

79).  DDil  the  quantity  ellecis  nre  obtained  with  equal  readi- 

;  iiuce  by  attaching  the  linc  of  several  cells  to  the  same 

IB«iallic  cunduetor,  and   the  corre.aponding  coke  plates  to  tt 

r  condoclor,  we  have  the  equivalent  of  one  will  with  large 

.     Many  other  forms  of  battery,  differing  in  more  or  less 

inponant  details  from  thoee  here  described,  and  adapted  to 

'  il  applicatiotu  of  electricity,  are  used  in  the  arid,  and  are 

f  (leMiribed  in  the  larger  works  on  physics, 

.  EleetrolgtU.  —  As  hos  been  already  stated,  the  electrical 
rent  has  the  remorliable  power  of  imparting  to  the  unlike 
fl  of  slmoit  all  impound  bodies  motion  in  opposite  direc- 
1,  like  that  in  tlie  battery  cell  itself,  anr|  thi^^,  too,  at  wha^ 
it  iliey  may  be  introduced.  The  galvanic 
y  jjius  becomes  a  most  potent  agent  In  producing  chemi- 
Mitiotts,  and  it  h  in  consequence  of  this  fact  that  the 
« instroment  fills  such  an  important  place  in  the  phi- 
f  at  chetnistry. 
t  in  break  the  metallic  conductor  at  any  (loiiit  of  n  dosed 
nit,  llic  two  ends,  which  in  chemical  experiments  we  usually 
1  with  platinum  plates.'  are  called  poles.  The  end  con- 
1  with  the  platinum  or  coke  plate,  from  which  the  i>ositive 
r«ot  ia  BMumed  to  flow,  is  called  the  positive  pole,  and  the 
1  cnnnecti-'it  willi  the  nine  plate,  from  which  iJie  negative 
I  flows,  is  called  the  titgative  pole.  Let  us  assume 
lai  Fig.  88  represents  the  two  platinum  poles  ilipjuiig  in  a 
nof  hydrochloric  acid  in  water,  which 
leeinnes  a  part  of  the  circuit.  The 
Dt  the  circuit  is  thus  closed,  the  /Tand 
■U  b?gin  to  travel  in  opposite  direc- 
h  JB«  aa  in  the  baliery  cell  below.  The 
a  aroma  move  tcil/i  the  positive  cur- 

li  ihi  negative  pole,  and  hydro-      I"  " 
\  gM  is  disengaged  from  the  suH'aco  of      'i 

BH  not  raodil/  «nt«r  ii 


/^■l 
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iha  negative  plaie,  wbile  Uie  clilorina  atoms  move  vith   I 
negative  currenl  lowards  the  positive  pole,  and  dilui'ine 
is  evolved  from  tbe  surface  of   the  positive  plate.     K 
over,  it  will  be  noticed  tbat  each  kind  of  atoms  moves  in 
same  direction  on  ihe  closed  circuit,  tliikl  i»,  follows  the  cc 
of  the  same  current,  both  in  the  buttery  <x\l  below  and  ii 
decomposing  cell  nbove ;  and  wherever  we  break  tlie  eircuil, 
and  at  as  many  plucea  as  we  may  break  it,  the  aame  pheuomrjia 
may  be  produced,  provided  only  that  our  battery  has  suf&cie&t   , 
power  to  overcome  the  re«islaiice  thus  introduced.  'd 

If  next  we  dip  the  poles  in  water,  the  atoms  of  the  watOM 

will  be  set  moving,  as  shown  in  Fig.  84;  hM 
■1  c      di'ogen  gas  escaping  as  before  from  the  D^d 

J  L      alive  pole,  and  oxygen  gas  from  the  poBiUvan 

loooooo  I  ^^  fi'"'>  however,  that  pure  water  oppoaan 
I  HiHiHiHiHiHil  a  very  great  resistance  to  ihe  motion  of  tbU 
I  I      current ;  and,  unless  the  current  bas  ^ii  ijM 

intensity,  the  efiects  obtained  are  inconsidevjl 
able.  But  if  we  mis  with  Ihe  water  a  little  sulphuric  add.  An 
decomposition  at  once  becomes  very  rapid ;  but  then  it  k  thlM 
atoms  of  the  sulphuric  acid,  and  not  those  of  the  water,  wUdfl 
are  set  in  motion,  The  molecule  H^SOi  divides  inUt  ff^  '"^m 
SO, ;  the  hydrogen  atoms  moving  iu  the  usual  direction,  anil 
the  atoms  of  S0^  in  the  opposite  direction.  Aa  soon,  bowevaqn 
as  the  last  are  set  free  at  the  positive  pole,  they  cam6  b9 
contact  with  water,  which  they  immediately  decompqaOil 
Z//iO-\-2SO^:=2N^SO,'\-  0  0.  and  the  oxygen  gas  tbiM 
generated  escapes  from  the  face  of  the  platinum  plate-  TfaOH 
Ihe  result  is  the  same  as  if  wuter  were  directly  decorapoeoM 
but  the  actual  process  is  quite  diflerenL  ■  j 

So  also  in  many  other  cases  of  electrolysis,  —  as  these  dcoooa 
positions  by  the  electrical  current  are  called, — the  proceu  ■■ 
complicated  by  the  reaction  of  the  water,  which  is  the  lU^H 
medium  employed'in  Ihe  experiments.  Thus,  if  we  inter^^H 
between  the  poles  a  solution  of  common  salt,  JVi  Cf,  the  dtlwi^H 
atoms  move  towards  the  positive  pole,  and  chlorine  gas  ifl  t^^H 
evolved  as  in  the  first  example.  The  sodium  ^ms  move  b^H 
but  in  the  opposite  direction.  As  soon,  however,  as  they^H 
set  free  at  the  negative  pole,  they  decompose  tlie  water  pres^^^ 
hy<lrogen  gas  is  formed,  which  escapes  in  bubbles  frara  ^H 


|<,o,»<..™.™.      If 
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plslitmin  plule,  wIiUl'  sodiu  bydrale  (enustic  soda)  ri^mains  in 
nlutiun, 

'iH^O  +  2JV<i  =  2^r,  iVa-0  +  // -J?. 

"W*!  will  bnl  one  other  enuople,  which  illuslrstes  a  rery 
importiuii  applieatioQ  of  these  prmeipleB  in  the  aris.  We  aa- 
BDiDe,  in  Fig.  S5,  thai  the  positive 
pole  id  armed  with  a  plate  of  copper, 
u)d  ()iat  to  the  negative  pole  ha^  been 
bstonei]  a  moulJ  of  some  tnedollioit 
WQ  wish  to  cop7,  the  surface  of  which, 
■t  least,  ia  a  good  conductor.  We 
asstitne  further  that  both  copper  plate  and  mould  are  8u»- 
pendMl  in  a  solution  of  Bulplmle  of  copper,  Cu'SO,.  la  this 
ewe  the  stoiuB  of  the  compound  are  set  in  motion  aa  before. 
Tbose  of  copper  accumulate  on  the  surface  of  the  mould  ;  and 
at  last  the  coating  will  atlaia  such  thickaess  ibat  it  can  be  re- 
moved, furnishing  an  exact  cojty  of  the  original  medallion. 
lCt!«]wbt]<:  the  atoms  of  SOf  have  found  at  the  posilive 
poh)  a  mass  of  copper,  with  whoso  atoms  they  have  combined ; 
Tsod  thus  fpeah  =olp!iale  of  copper  has  been  formed,  and  the 
M^atiuo  replenished.  The  process  ha;^  in  effect  consisiud  in 
a  tnutafer  of  metal  from  the  copper  plate  to  the  medallion  j 
by  using  appropriate  solvent's  silver  and  gold  can  be 
tnuisffrred  and  depo,^ited  in  the  same  way. 

In  all  these  processes  of  electrolysis,  one  remarkable  fact  has 

en  observed,  which  has  a  very  important  bearing  on  the 
tbaury  of  the  battery.  If  in  any  given  circuit  we  introduce  a 
jnuabcr  of  decoroposing  ceUa,  containing  acidulateil  water,  we 
find  that  in  a  given  lime  exactly  the  same  amount  of  gas  is 
tftivad  in  each  ;  thus  provmg,  what  we  liavo  thus  far  assumedi 
the  moving  power  is  absolutely  the  same  at  all  points  on 
the  circuiL  Moreover,  the  amount  of  gas  which  is  evolved 
fiom  such  a  decomposing  cell  in  the  unit  of  time  is  an  uc> 

mU  tneaaure  of  the  strength  of  the  current  actually  flowing 

■ay  circuit,  and  tliis  mode  of  measuring  the  quantity  of  an 
'dectricnl  current  is  constantly  used. 

Wb  »hou1d  infer  from  the  facia  already  stated,  and  the  prin- 
bu  been  conRrined  by  the  most  careful  esperimenla,  that 

clMtcuJcnl  changed  which  may  take  place  at  ditferent  points 
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of  the  same  closed  circuit  nre  always  the  exact  eqnivdentf  o 
each  other.     If,  for  example,  we  havu  a  series  of  Grove's  ceQs^    . 
arranged  as  id  Fig.  79,  and  interpose  in  the  external  ciruuU 
two  decomposing  cells,  as  in  Figs.  84  and  83,  we  ihall  find 
(provided  there  is  no  local  action)  that  ihe  weight  of  zinc  ^»- 
Boived  in  each  of  the  five  Grove's  cells  is  the  exact  cAcmieoi,^ 
eqiiivalttH,  (26)  not  only  of  the  weight  of  hydrogen  gas  evoln 
from  the  fimt  decomposing  cell,  but  olao  of  the  weight  of  n 
tallic  copper  deposited  ou  the  mould  in  the  seeoDd.     For  evei 
G3A  grammes  of  copper  depovted,  2  grammes  of  hydrogen  m 
evolved,  and  6o.2  grammes  of  zinc  are  dissolved  in  rocA  c 
of  tlie  battery.     If  there  is  also  local  action  in  the  cells,  tl 
chemical  cbunge  thus  induced  is  added  to  the  normal  effect  a 
the  battery-current. 

The  examples  which  have  been  given  are  snOicient  to  iUa 
trate  the  remarkable  power  whicli  tlie  elt'Ctric  curi 
of  setting  in  motion  the  atoms  of  compound  bodies.  Inuuin 
able  experiments  have  shown  that,  in  reference  to  their  i 
tiona  to  the  current,  llie  atoms,  both  simple  and  compound,  ii 
be  divided  into  two  great  classes :  first,  those  which  travel  a 
the  line  of  the  circuit  in  tlte  direction  of  the  poutive  cumaCi 
and  follow  in  the  leitd  of  the  hydrogen  atoms  ;  and,  secondly 
those  which  Itillow  the  lead  of  the  chlorine  atoms,  and  movel 
the  opposite  direction  with  the  negative  current.  The  &t§ 
class  of  atoms,  or  radicals,  we  call  positive  ;  and  the  second  d 

The  opposition  in  qualities  of  the  chemical  atom?,  which  ti 
study  of  these  electrical  phenomena  has  revealed,  ig,  io  i 
cases  at  least,  relative,  and  not  absolute.  For,  while  there  a 
some  ittoms  which  always  manifest  the  Nime  charucter,  thai 
are  others  which  appear  in  some  aasociuliona  positive,  and  I 
other  associations  negative.  To  such  an  extent  is  thU  I 
that  the  electrical  relations  of  the  atoms  are  best  eIiowo  f 
grouping  the  elcraenla  in  series,  which  may  be  so  arrange]  l] 
each  mcroher  of  the  series  shidl  be  electro-positive  when  | 
combination  with  those  elementj  which  follow  it,  and  c 
negative  when  combined  with  those  which  precede  it. 

The  simple  mechanical  theory  of  electrical  currents  vrU 
has  l>een  presented  in  this  chapter,  is  adequate  to  explain 
general  order  of  iliu  chemical  phenomena  with  whicli  * 
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nninediatelT  concerned  in  this  wort.  Eat  there  are  oilier 
of  electrical  phenomena,  of  which  this  theory,  at  least 
its  present  fomi,  can  give  no  account,  and  which  have  always 
en  referred  to  the  presence  of  an  assumed  eleclrical  fluid, 
rvading  all  nature,  and  consisting  of  two  oppositely  polar- 
3d  conditions  of  the  same  substance,  —  the  vitreous  and  resi- 
lUa,  or  i>OaitiTe  and  negutive  electricities,  —  which,  when  sep- 
ited  by  clietnicol  action,  by  friction,  or  in  other  ways,  constantly 
flow  together  through  all  those  channels  which  we  call 
conductors.  It  is,  however,  the  tendency  of  modem 
jence  to  refer  all  physical  changes  to  a  simple  mechanical 
kuw,  and  although  the  phenomena  of  statical  electricity  are 
ill  best  explained  on  the  fluid  hypothesis,  we  may  hope  that 
Irtber  study  will  show  that  they  also  may  be  reconciled  with 
nue  dynamical  theory.  It  is  possible  that  the  electrical  Auid, 
'faich  would  Deem  to  appear  in  these  phenomena,  is  an 
eifaerenJ"  atmosphere,  surrounding  the  alom^,  and  that 
irough  lhi«  medium  the  electrical  impulses  are  trangmitted. 
CDtDpareS92.) 


Qttetliona   and   Problem. 

In  the  Ibllowtng  problems  the  valuei  C,  R  or  r  and  B  of  Ohm's 
mula  are  asaumcd  to  b6  measured  in  terms  of  the  following  unlt«. 
EUt  The  a-ail  of  current  is  that  which  would  produte,  bj-  the  elee- 
Afm  of  water,  1  cTm-' of  hydrogen  andoxygcngas  (measured  un- 
Tftandard  conditions)  in  one  minute.  Secouillj.  The  unit  of  rt- 
tance  is  tltat  olTeted  by  a  pure  silver  or  copper  wire  I  in.  long, 
id  I  m.  m,  diamuter  at  O".'  Lastly,  the  unit  irf  eUclmmolwe  force 
that  which  transmits  a  unit  curmnt  against  a  unit  resistance  in  a 

t.  What  resistance  does  the  current  sufl'er  in  an  iron  wire  50  me- 
ea  lung  and  5  m.  m.  diameter  ?    Sp.  K.  of  iron  7. 

Ans.  H  nnits. 
S.  Jimvmin^  that  the  Sp.  R.  of  copper  is  1 .3  and  that  of  iron  7, 
httt  mult  he  the  diameter  of  an  iron  wire  which  will  Dp[>o3o  no 
tanco  to  the  current  than  a  copper  wire  of  2  lu.  m.  din- 

TM>  Dn^t  <*  q.OIOGT  oT  the  absaluu  unit  rsceoUy  sdoi'led  bj  the  Biilltb 
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3.  It  ia  founil  bj-  expcrinuuit  that  a  wire  of  Geraiui  silver,  7,301 
m.  long  unci  1.5  in.  ra.  diamett.'r,  opposM  the  same  resistance  to  the 
current  as  a  wire  of  pure  silver  in  m.  loag  and  J  m.  m.  diameter. 
Wb&t  ia  tbo  Sp.  R.  of  German  rilvur.  Am.  12.6. 

4.  It  is  required  to  make  with  139.8  gramme*  of  pore  iilrer, » 
wire  wliii^b  will  offer  a  rasistanue  of  81  units.  What  must  be  its 
length  and  diameter  ?     Sp.  Gr.  of  silver  =  10.57. 

Solution.  Represenling  by  x  the  length  in  metret,  and  by  5  the 
diameter  in  mii/iWWM,  we  deduce  by  [l]s'.r  J  10.57=  tSi.S  and 
bj-  the  laws  of  conduction  %  =  81.  Whence  z  —  36  m.  and  y  =- 
j  m.  m. 

-1.  What  ifl  the  length  and  diameter  of  an  iron  wire  weighing 
tl7.98  grammes  which  oifera  a  resistance  of  9,072  units '/  It  is  luiowu 
that  the  Sp.  Gr.  of  the  iron  =  7.75  and  its  Sp.  R.  =  7. 

Ans.  Length,  144  m.      Diumiiter,  J  ra.  ni. 

6.  From  a  given  wire  there  are  four  branches,  of  which  the  re- 
Bistance  is  respectively  10,  20,  80,  and  40.  Required  the  total 
reustance  when  the  current  passes  simultuneously  through  the  four 
branches. 

Solution.  The  resistance  in  the  first  branch  may  be  represented 
by  a  normal  silver  wire  10  m.  long  and  1  m.  m.  diameter.  If  wa 
call  the  area  of  a  transverse  section  of  this  wire  a,  then  the  resist- 
ance in  the  other  three  branches  will  be  represented  by  noraal  wires 
of  the  same  length,  but  having  on  the  uroes  sections  the  artt.-u  |(, 
\i  and  \$  respectively.  If  next  we  conceivo  of  tbesu  wires  as' 
mei^d  in  one,  having  the  common  length'  10  m.  and  an  area  on  Uis 
aeetion  equal  lo  (1  +  J  +  J  +  i) «,  it  is  evident  that  such  a  wi« 
will  represent  the  resistance  required.     Hence  we  easily  deituco, 

7.  A  closed  circuit  has  two  branches  through  which  the  c»rr«nt 
passes  siinultaneously.  In  one  branch  r  =  100.  What  length  cf 
copper  wire  5  m,  m.  diameter  must  be  used  for  the  other  that  the 
total  r  =  50  ?  Ans,  2,500  metrm. 

8.  A  conductor  has  two  branches,  one  having  r  ^  75{i.  the  olhet 
H)  adjusted  that  when  the  current  passes  at  tbo  same  time  thraugh 
both,  the  total  resistance  equals  510.  Required  the  icnj;>th  i>f  a  Gor- 
man silver  wire  \  ta.  m.  diameter  and  Sp.  R.  =  12.5,  which,  wh« 
inserted  in  the  adjusted  branch,  will  increase  the  (ofa/resistanr-f  tu-^.IO. 

Solution.  By  principle  of  last  problem  we  en»ly  linil  ili^ii  lh« 
resistance  in  the  adjusted  branch  before  insertion  equals  I  ,h'<o,  ^n\ 
after  insertion,  3,780,  The  difference  between  ihi-sc  valn.'is  t,S9fl, 
ii  the  resistance  due  to  the  inserted  wire.  Hence  ila  length  lUUSlS 
37.8  Dietres. 
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Wo  iave  a  battery  of  *ix  Daniella  cells,  in  each  of  which 
4Ts,  A  ^15,  and  the  cxtcmaJ  reiuHtaace  against  which  the 
batterj'  is  to  work,  r  ^^  IG.  The  cells  may  be  arranged,  Igt,  aa  six 
litigl«  elements ;  2d,  aa  thrco  doable  elements ; '  3it,  aa  two  three-fold 
rif  mf  nfil '  4lh,  u  ooc  six-fold  element.  Required  the  current  strength 
ia  iMch  CMC  Ana.  28,5,  43. tf,  47.5  anfl  38.0  respectively. 

.  We  have  ft  battery  of  twelve?  GroYe  celL".  in  each  of  which 
8SU,  and  R  ^18,  to  work  against  an  external  resistance  of 
pi—  H.  Iic({uiretl  the  strength  of  c^urrent  when  the  celU  are  ar- 
'.  1st,  u  twelve  single;  2d.  aa  six  two-fold  ;  3J,  at  four  three- 
ftld;  4th,  u  thrve  four-fold;  Stb,  as  two  six-fold,  and  6th,  us  one 
twelve-Ibld  element. 

Ans.  41.5,  63.S,  <i9.2,  £6.4,  55.3,  and  32.5  respectively. 

11.  With  a  single  cell,  where  E  and  R  have  a  constant  value, 
hat  i*  ibe  maximum  strength  of  current,  and  undiir  what  condi- 
itM  would  it  be  obtained  ? 

An3.  ^,  when  the  external  resistance  is  nothing. 

12.  With  n  cells  in  each  of  which  /;  and  fl  have  the  same  valne, 
'^hM  it  iha  maximum  strength  of  current,  aud  under  what  coadi- 

'  ma  would  it  l«  obt^ed  ? 
Ana.  u  n,  when  the  cells  are  arranged  as  one  n-fold  elcoient, 
and  work  against  no  external  resistance. 

13.  With  n  cells  as  above,  working  against  a  givnn  external  resiat- 
loe  r,  bow  should  they  be  arranged  so  as  to  obtain  the  maximma 
imofCf 

Am.  So  as  to  make  the  internal  resistance  equal  to  that  of  the 

Botiition.  If  X  represents  the  number  of  compound  elements  formed 
tirilll  the  n  cdk  when  C  in  Ohm's  formula  is  a  niaxiioum,  we  shonld 
iridwidy  have  under  this  condition  x  compound  elements,  each 
bnned  of  -  cells.  The  elcctroniotive  force  of  such  an  arrangement 
bu  xE.  The  internal  resistance  would  heiR-^-=— R 
(cocnparo  problems  S  and  9),  and  the  strength  of  the  maximum 
rest  n!({nired, 

in  +  r 

By  dosbt*  aleineiits  Is  meant  a  group  of  two  cells  eonplod  for  <|n*nHtr 
IJisdeqahralent  to  a  larga  eell  having  pUtos  of  twice  the  tlw.  Blx 
M*  ■(■mitnti  »m  tix  ni«h  groups  arrangail  for  Intensity.  auO  Iha  other 
■s  liBT*  a  llmlUr  loeiulng. 
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TTii:  first  diflerentiul  coefficient  of  this  (Unction  of  x  wben  C  i»  »  | 
it  be  equal  to  Eero.    Hence, 


That  b,  the  strength  of  the  cnrrent  is  at  its  maximum  when  tl 
tHrnal  equals  ihe  external  reBistince,  as  stated  above.     Those  t 
are  not  I'aiuiliar  with  the   elementary  principles  of  the  dilTi; 
calculiM  may  aatisfj  themaelTea  of  the  truth  of  this  result  b 
paring  the  answers  obtained  to  probU-nis  8  and  9. 

14.  We  have,  in  tlie  first  plat-e,  for  a  single  cell  of  &  given  O 
nation  working  against  a  feeble  resistance,  the  value  C  — = 

in  the  second  place,  for  n  cells  of  the  same  combination  i 
against  n  times  the  resistance,  the  iilentical  vatae  C^     -" 
"slrenfflh"  the  two  currents  are  equal,  but  are  they  identical  1* 

15,  In  a  given  cell  E  =  475;  fl  =  15.  The  cii 
through  30  metres  pure  copjier  wire  2  jo.  m.  dinmi'te 
quired  to  arrange  8  cells  bo  that  C  may  be  the  greatest  po«ibl 

Ana.  They  should  be  arrangetl  aa  two  Ibur-fold  elen 
18.  We  have  a  battery  of  four  Bonsen  cells  (£  =  ft 
each),  coupled  as  four  single  elements.  The  circuit  is  closed  tl 
GOO  grammes  of  pure  copper  wire.  Required  the  greatest  M 
of  current,  and  the  dimcnsioos  of  the  wire  that  this 
be  obtained. 

17.  A  simple  Voltaic  cell,  whose  electromotive  f'irve  £  is  k 
working  against  an  unknown  total  resistance  R'  (both  ext«ri 
intomal),  produces  a  given  effect  upon  a  galvsnomettr.  t 
cell  differently  constructed,  working  against  a  tot*!  resistai 
also  nnknown,  produces  the  same  effect  upon  the  ^Hlvanomel 
is  also  observed  that  a  measured  length  I  of  normal  copper 'n 
serted  in  the  first  circuit,  produces  on  the  galvanometer  tb 
difference  of  effect  as  a  length  T  inserted  in  the  second  e 
Required  Ihe  electromotive  force  E"  of  the  second  ti 

Solution.  We  eaujly  deduce  Irom  Ohm's  formula  (he  two  tup* 


ie~  E" 


R+l  ~  K"  +  l" 


r^.,,  whence  we  obtain, — 
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Ifli.  In  order  to  delemine  the  electromotive  force  of  a,  Bunaen's 
eriL  it  WM  coTnpared,  as  in  lait  problem,  witb  a  Ditniull's  cell  whose 
e  form  waa  knoim  to  be  4  70.     Alter  adjuating  llie  ex- 
SDces  so  that  both  produced  the  same  effect  upon  the 
tas  found  that  the  insertion  of  5.6  nt.  of  copper 
o  ^e  firat  circuit  caused  the  same  change  in  the  instrument 
Hthe  insertion  of  3.39  metres  of  the  same  vire  in  the  circuit  of  the 
>anielb  cell.     What  iras  the  electromotive  force  sought  ? 

Aus.  800. 

19.  A  battery  of  40  Bnosen's  cells  remains  closed  for  nn  Injur,  and 
e  fomisbea  a  current  whose  strength  C  =  30.     Huw 

ucIi  linr  will  be  consumed  in  this  time,  assuming  that  there  is 
^»  local  sition  ? 

Sohtu'on.  Such  a  current  would  produce,  by  the  eleclrolysis  of 
nlar,  30  c-  m.'  of  gas  in  one  minute,  or  1.8  litres  in  one  hour.  Of 
MigM  l.a  litres  or  1,2  criths  would  bo  hydrogen.  The  chemical 
iqi^akntof  line  being  32.6,  the  amount  of  zinc  dissolved  in  each 
I  be  1.2  X  32,G  =  39.12  critbs,  and  in  the  forty  cells 
I9M.B  criths,  equal  lo  140  grammes,  the  answer  required. 

20.  In  an  e1ectrat}-pe  apparatus.  Fig.  85,  16.36  grammes  of  cop- 
sr  were  deposited  on  the  negative  mould  in  24  hours.  What  was 
«  Mreogth  of  current  ?  Aos.  G  units. 

St.  In  an  electrotype  apparatus  the  electromotive  force  of  the 
iDpbyed  is  420,  and  the  internal  resistance  5.     The  ex- 
tance.  Including  d^'omposing  cell,  is  0.25.     How  much 
ip«r  will  be  deposited  on  the  negative  moulcl  in  one  honr,  and 
*  nuch  zinc  will  be  dissolved  in   the   battery  during  the  iame 
«?         Ads.  9.0SB  grammescopper  and  0.346  grammes  of  zinc. 
S2.    ITiirty-two  Grove  cclLi  (E  -^  830,  R  =  20  each)  are  can- 
't eighi-lbid  compound  elemcnU  and  the  rurreut  employed 
9  vork  an  electru^ilvering  apporatDS,  in  which  the  total  resistanca 
ul  to  the  battery  was  equivalent  to  10.     Required  the  number 
DSof  silver  diJpoeited  each  hour,  and  the  number  of  grammes 
iC  (lisflolved  during  tlie  same  time  in  the  battery. 

Ana,   6<.24gramraesof  silver  and  7  7.56  grammes  of  zinc. 
SS.   Asiaming  that  the  external  resistance  cannot  be  changed, 
ntd    the  same   number  of  cells  of  the  bittery  desrrilied  In  last 
IttUan  be  so  amtnged  as  to  deposit  more  silver  in  the  same  time? 
Ans.  They  could  not 
Could  tliey  be  so  arranged  ns  to  deposit  the  same  amount  of  silver 
rithlasiexpvnsuof  line?     What  would  be  the  most  economical  or- 
l^cnealt  kid  umler  these  conditions  how  much  silver  would  be 
altnl  In  Od«  hour  and  bow  much  zinc  dissolved  ? 
MWerlo  last  queitJant  30,25  gmuimwi  sllvi^r,  itixl  9.1.1  ^-rauimus 


CHAPTER    XVI. 

RELATIONS    OF   TUB  ATOHS   TO   UOHT. 

92.  JAght  a  Mode  of  Alomie  Motion.  —  It  has  already  b 
intimated  (j  61,  note),  that  the  phenomeoa  of  viaioa  i 
effects  of  an  nlomic  motion  trBn:i^milled  from  t 
body  to  liie  eye  through  continuous  lines  of  material  p 
and  such  lines  we  call  rays  of  light.     This  motioD  may  O 
nate  with  llie  atoms  of    variout  substancea  ;    but  in  € 
explain  its  transmi^ion,  we  are  obliged  to  assume  the  exisl 
of  a  medium  filling  all  space,  of  extreme   teouily,  i 
having  an  elasticity  sufficiently  great  to  transmit  the  lumuiOl 
pulsations  with  the  incredible  velocity  of  186,000  miles  h 
aecond  of  time.     This  medimn  we  call  the  ether,  but  of  1 
existence  we  have  no  definite  knonledge  except  that  ubta 
through  the  phenomena  of  light  themselves,  and  these  P 
asEumptions  in  regard  to  tlie  constitution  of  the  ethereal  mw 
which  are  not  realiEed  even    approximately  i 
forms  of  matter;    for  while   the  assumed  medium  roust  | 
vastly  less  dense  than  hydrogen,  its  elasticity  must  surpass  tl 
of  steel. 

According  to  the  undulatory  theory,  motion 
from  particle  to  particle  along  the  line  of  each  luminous  W 
very  much  in  the  same  way  that  it  passes  along  the  1 
ivory  balls  in  the  well-known  experiment  of  mechaiiicik 
ethereal  atoms  are  thus  thrown  into  waves,  and  the  a 
tlie  phenomena  \»  similar  to  that  with  which  all  are  fi 
in  tlie  grosser  forms  of  wave  motion.      But  in  tliis  c 
we  have  no  occasion  to  dwell  on   the  mechanical  < 
attending  tiie  transmission  of  the  motion.     The  motion  h 
may  be  best  conceived  as  an  oscillation  of  each  ether  p 
in  a  plane  perpendicular    to    the   direction    of    the    ray,  i 
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easarily,  however,  in  &  etroight  line  j  for  the  orbit  of  the 
iiUting  molecule  may  be  either  a  straight  line,  an  ellipse,  or  a 
circle,  a»  the  case  may  be.  Such  oscillations  may  evidently 
differ  both  as  regards  their  amplitude  and  their  duration,  and 
these  fundamental  elements  depend  two  im|iortant  differences 
in  the  effect  of  t]ie  motion  on  the  organs  of  vision,  vii.  intensity 
«nd  qonlity,  or  brilliancy  and  color. 

If  our  theory  is  correct,  it  is  obvious  that  the  intensity  of 
Uie  luminous  impression  must  depend  upon  the  force  of  the 
Uomic  hlovfs  which  are  transmitted  lo  llie  optic  nencs,  and  it 
u  also  evident  that  this  force  must  be  proportional  to  the 
«quftre  of  the  Telocity  of  the  oscillating  atoms,  or  what  amounts 
lo  the  8ftine  thing,  to  the  sijuare  of  the  amplitude  of  (he 
vcillaiion  i  assuming,  of  course,  that  the  oscillations  are 
iiOi'lirouous. 

The  connection  of  color  with  thp  time  of  oscillation  is  not  so 
ibviwa,  and  why  it  is  that  the  waves  of  ether  beating  with 
gruder  or  less  rapidity  on  the  retina  should  produce  such 
MuftUoDS  aa  those  of  violet,  blue,  yellow,  or  red,  the  physiologist 
S  wholly  unable  to  explain.  We  have,  however,  an  analogous 
phenomenon  in  sound,  for  musical  notes  are  simply  the  effects  of 
ITftvea  of  air  beating  in  a  similar  way  on  the  auditory  nerves; 
ndi  as  is  neU  known,  the  greater  the  frequency  of  the  beats, 
in  other  words,  the  more  rapid  the  oscillations  of  the 
molecules,  the  higher  is  the  pitch  of  the  note.  Red 
corresponds  to  low,  and  violet  to  high  notes  of  music, 
kntl,  the  gradations  of  color  between  these  extremes,  passing 
ftroogh  various  shades  of  orange,  yellow,  green,  blue,  and 
indigo,  correspond  to  the  well-known  gradations  of  musical 
liitch. 

From  well-established  data  we  are  able  to  calculate  the 
npidity  of  the  oscillations  which' produce  the  different  sensa- 
Has  uf  color,  and  also  to  estimate  the  corresponding  lengths 
if  the  ether  waves,  and  the  following  table  contains  the 
wults.  It  must  be  understood,  however,  that  these  numbers 
neraiy  correspond  to  a  few  shades  of  color  deenitely  marked 
n  tfae  solar  spectrum  by  certain  dark  lines  hereafter  to  be  men- 
ed  i  anil  that  equally  definite  values  miiy  be  assigned  lo 
itifinilc  uumbcr  of  intennedlate  shades  which  intervene 
fbotveen  Ibuse  arbiti'ary  subdivisions  of  the  chromatic  scale. 
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93.  Natural  Colon.  —  It  fullows,  as  a  necessary  o 
of  the  fuDdamenial  laws  of  mecbanii^,  thai  an  oscilUting  n 
cuiei^on  only  transmit  to  its  neigbbor  motion  wiiichia 
with  ila  own.  Hence  a  single  ray  of  ligbt  can  only  produue  a 
inite  effect  of  color,  anil  this  quality  of  the  ray  will  be  prese 
however  far  the  motion  may  travel.  A  beam  of  light  is  s; 
a  bundle  of  rays,  and  if  the  motion  is  isoclironous  in 
parts,  that  is,  if  the  beam  conaiBts  only  of  niys  of  ona  si 
color,  sucb  a  beam  will  proJuce  llie  simplest  chromatic  si 
lion  possible,  —  that  of  a  pure  color.  If,  howev 
contains  rays  of  different  colors,  we  shall  have  a  i 
effect,  and  the  infinite  variety  of  nalurnl  tints  are  thus  pro 
When,  lastly,  the  beam  contains  ray*  of  all  tlie  colors  n 
in  due  proportion,  we  receive  an  impression  in  which  no  s' 
color  predominates,  and  this  we  call  white  light. 

The  eolora  of  natural  objects,  whether  inherent  or  im 
by  various  dyes,  are  simply  eficclji  upon  the  retina  produced  ^ 
the  beam  after  it  has  been   reflected  from  the  surface  or  t 
milled  through  tlie  mass  of  the  body,  and  the  peculiai 
effects  are  due  to  the  unequal  proportions  in  which  I 
fiirent  colored  rays  are  thus  absorbed.    The  color  reflected,  ■ 
that  absorbed  or  tran.imitled,  are  always  complementar 
each  other,  and  if  mingled  they  would  reproduce  white, 
obvioui^,  moreover,  ihat  no  htam  of  light,  however  ntodifiedf 
rv<flection  or  trnn<mi.'sioa,  could  produce  the  si 
given  color,  if  it  did  not  contwn  from  the  first  the  corrnpc 
iog  colored  mys.     Henoe  it  is  ihat  the  colors  of  objects  d 
appear  naturally  by    daylight,    and  when   ilhmiinaied   I  ' 
monochromatic  light,  all  colora  blend  in  that  of  this  aue  p 
tint. 


94.    Chromatie  Sperlra  and  Speclrmropti. — 
of  light  is  passed  ilii'uugh  a  glass  [irism  placed  a 


TVbcnab 
,  dtowu  Ii 


BELATIOXS  or  THE  ATOMS  TO   LIGOT. 


I,  it  is  not  only  re/racled,  thai  is,  bent  from  its  origiaal  rectilioear 
!,  but  (he  colored  rays  of  which  llie  beam  consiats,  bemg 
it  unequally,  are  separated  to  a  greater  or  less  estent,  and  falt- 
gon  a  screen  produce  on  elongated  image  colored  with  a  suo- 
n  of  blending  tints,  which  we  call  the  spectrum.    Tlie  red 
1,  which  are  bent  the  least,  are  said  to  be  the  leatt  refrait- 
it,  while  Ilie  violet  rajs  are  (he  most  re/ranffiblt,  and  inter- 
!dial«  between  these  we  have,  in  the  oitler  of  refrangibilily, 
!  various  tints  of  orange,  yellow,  green,  blue,  and  indigo. 
I  a  prism  gives  an  easy  means  of  analyzing  a  beam  of 
^t,  And  of  dLncovcring  the  character  of  the  raya  by  which  a 
^WB  chromatJc  effect  ia  produced.      Such  ob^rvationa  are 
^^eij  greatly  facilitated  by  a  clasa  of  inetrumenia  called  speetro- 
tnd  Figs.  S7  and  90  will  illustrate  the  principles  of 


In  the  very  powerful  instrument  first  represented,  the  beam 
of  light  is  paiised  in  succession  through  nine  prisms  (each 
having  an  angle  of  45'),  and  the  extreme  rays  are  thus  widely 
•eparaletl,  while  the  hcum  itself  is  bent  around  nearly  a  whole 
^ramifercnc^-  The  only  other  essential  parts  of  the  instro- 
e  the  collimator  A  and  the  telescope  B.  The  light  first 
9  the  collimator  through  a  narrow  ^lit,  and  having  passed 
mgl)  lli«  prima  is  received  by  the  telescope.  The  Ick- 
t  it  wtjualed  as  tt  would  be  for  viewing  distiuit  QltjeiK.U^ 


diatonte.     In  like  manner  when  the  telescopes  are  pliiced  U 
n  Fig.  88)  and  when  the  light  before  reaching  tUe  KiluKOf 
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0CS  ihrougli  the  whole  series  of  prisms,  we  ^[ill  see  a  single 

Im'te  imngo  whenever  the  slit   is   illuiainait-d    bj  a  pure 

DIODOcliromatic  light.      Moreover,  llus  image   has  a  del'mile 

poeitioD  in  the  field  of  view,  which,  when  the  instrument  is 

larly  adjusted,  depends  solely  on  the  refrangibility  of  the 

Tlins  if  we  place  in  front  of  the  slit  a  sodium  flame,  which 
bU«  a  pure  yellow  Kght,  we  see  a  sinale  yellow  image  of  this 
Bgimdinal  opening,  as  in  Fig.  8D,  Na.  If  we  usie  a  liihium 
HBO.  «c  see  a  similar  image,'  but  eolored  rod,  and  at  some 
lUoce  from  the  first,  to  the  lef),  if  the  part^  of  our  in- 
ninwDt  are  disposed  as  in  Fig.  88.  If  we  use  a  thaliom 
line,  we  in  like  manner  see  a  single  imuge,  hut  eolored 
and  falling  eonsiderahly  to  the  right  of  both  of  ihe 
T  two.  If  now  we  illuminate  the  slit  by  ihe  three 
lea  Aimullaneoii^ly,  we  see  all  three  images  at  onec  in  the 
e  relative  iiosliion  as  before.     So  abo  if  we  examine  the 

»  TIi»  lecoDd  ImaBo  shown  In  Pig.  MS,  Li  ii  not  or.Iii 
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flame  of  a  metal,  TChich  emiu  mys  of  scvoral  definite  d 
of  refrangibilily,  we  see  an  equal  number  of  definite  i 
of  the  slil.  If,  next,  we  illuminaie  the  slit  with  sunllglit 
wliieli  contains  rays  of  all  degrees  of  refrangibilily,  we  see 
inHiiilu  number  of  images  of  tite  sMt  spread  out  nlong  llie  fi 
of  \  iew,  und  these,  overlapping  I'aeh  uther,  form  tliat  uontinuaus 
iKiiiii  of  blending  folore  which  we  call  the  solar  spectrum.  If, 
iHstly,  we  exaiuiue  with  our  iniitrumi?nt  the  light  reHeclcd  from 
u  eolored  eurlace,  or  Inmsmilled  Ihiougli  a  colored  medinm, 
wc  ubo  see  a  band  of  blending  colore,  but  at  the  same  time  we 
observe  ihut  certain  portions  of  the  normal  sulor  i^pecirum  ore 
either  ivholly  wanting  or  greatly  ohsciu-ed. 

With  a  s|>octro:'cope  of  many  prisms  like  the  one  repi^seotsdj 
by  Fig.  H7,  we  can  only  eve  a  itaaU  portion  of  the  spectrum  nn 
once.  By  moving  ihe  telescope,  which,  fastened  to  a  metalBqfl 
arm,  revolves  around  the  nxii  of  the  insinimeni,  diSereUM 
portions  of  the  spectrum  may  be  brought  iiilo  tho  field  of  riBi^^jfl 
while  a  vernier,  attached  to  the  same  arm  and  moving  over  id 
graduated  arc,  enables  uj  lo  fix  the  po^iiioti  of  the  KpectraBH 
lines,  as  the  images  of  the  elit  are  usually  called.  The  otfa^H 
mechanical  details  shown  in  (lie  li^re  arc  required  in  4>rd4^| 
to  adjust  the  various  parts  of  the  instrument,  and  especially jH 
order  to  bring  the  prisms  to  what  is  teamed  the  angle  ^^| 
minimum  deviation.  But  an  insti'umenl  of  this  magnituild  I^^H 
power  is  not  required  for  Ihe  ordinary  applications  of  ^^M 
speclroiMwpe  in  chemifitry.  For  this  puqiose  a  small  inst^^f 
mem  consisting  of  a  collininlor.  a  single  prism,  and  a  lolesco^^^ 
all  in  a  6xed  position,  are  amply  sufficient.  In  the  field  orw^^f 
a  spectroscope  the  whole  spectrum  may  be  seen  at  once  ;  l^^f 
ihe  position  of  the  speclrum  lines  is  very  easily  determined  ^^| 
means  of  a  pholngraphic  scale  placed  at  one  aide,  and  seftn^^| 
light  reflected  ijito  the  telescope  from  the  face  of  tlie  piiq^H 

The  various  parts  of  the  instrument,  as  arranged  for-^^l 
nervation,  are  shown  in  Fig.  00.  A  is  ihe  mllimtttor,  i*  ^H 
pri^m,  and  S  the  leleseope.  The  lube  C  carries  the  ptKi^^| 
graphic  scale,  and  has  at  the  end  nearest  to  the  prism^^l 
lens  of  Fuch  focal  length  that  Ihe  image  both  of  the  nUl  i^H 
the  scale  may  be  seen  ibrongh  the  telescope  at  the  Rome  t)i^^| 
llic  one  appearing  projected  upon  the  olher.  Tlie  :crtT«n^| 
serves  to  B(|just  t}ie  width  of  the  sliL    Moreover,  one  half  of  th^\ 


1en0h  of  the  slit  is  covered  by  n  Email  glass  prism  bo  arranged 

reflects  into  the  collimator  tube  the  raya  from  a  lamp 

I^Aced  on  one  side.     Thus  the  two  balvea  of  the  slit  may  be 

ninaled  imJependenlly  by  light  from  different  sources,  (uid 

two  spectra,  wliieli  are  then  seen  auperimposed  upon  each 

ir  (see  Fig.  91).  exactly  compared.     The  various  screws, 

appear  in  Fig.  90,  ore  used  for  adjusting  the  different 

iris  of  the  instrument. 

05.  Spectrum  Analysis.  —  The  nioms  of  the  different  chem- 

ll  clemcntB,  when  rendered  luminous  under  certain  detiniie 

oditions,   always    emit   light  whose   color  is  more  or  less 

dumcterietic,  and  which,  when  analyzed  wiih  the  specli'o-'cope, 

exhibit  spectm  fimilar  to  those  which  are  representi-il  \n  Fig. 

89,  BO  far  as  is  possible  without  the  aid  of  color.     Sumeiimes 

see  only  a  single  line  in  n  definite  position,  as  in  llie  case 

Na,  Lt,   and   Tb.   already  referred  to.     At  oilier    limes 

are  several  such  lines ;  and,  still  more  frequently,  to 

e*e  lilies  (or  definite  images  of   the  aht)  there  aie  super- 

Ided  more  or  less  extended  portions  of  a  continuoui'  Fpeeinim. 

weorcr,  not  only  is  the  general  aspect  of  each  spectrum 

medtngly   clmracteristie,    but  also    the  occurrence   of    its 

iliir  Ihiea  is,  bo  far  as  we  know,  an  absolate  proof  of  lti« 
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presence  of  a  given  element,  nnd  these  lines  majr  ba  r 
I'ecnijDized  by  their  positjon,  evun  nhea  tiiu  charadPt  of  I 


!viiIeDt  Iliea  lliH  1 
bnportuit  M 
inly  n-ni 
ary  atoiua  omit  ti 


fpectnim  it  otherwise  obscure.  It  U  i 
linve  here  a  principle  wbi(!h  udniils  of  i 
plications  in  chemical  analysis,  anil  it  c 
siller  under  tvhat  conditions  ihe  eli-nieiiL 
charftfiL'rii'iic  light, 

fi'rit.  Ail  hodies  when  intensely  heiiled  ai 
nous,  and,  olher  things  being  cquul,  the  higher  the  i< 
the  more   intense  is  the  light.     The  brillitiiicy  "i 
i-iuillcd  at  (lie  Eame  tempcramre   by  different  hi-i; 
^'ery  gri^atly,  the  densest  bodit^i  being,  aa  u  ^ncral  ntciJJ 
mo-l  intensely  luminous.  I 

Steondli).  —  Sk>lid  and  liquid  bodies,  if  opaque:,  emhul 
ignited  white  light,  or  at  least  light  which  show4  with  ibuja 
trosi-ope  a  continuous  spectrum  mure  or  \eea  t-xiunded.  Jn 
red  heat  t)iu  light  from  such  tioilius  consists  chictly  of  rod  n 
hut  a^  the  tempernture  rises  Hrst  to  a  while  uud  ihen  bi  %m 
lieut.  the  more  refrangible  rays  become  mure  abuodaal'l 
finally  piedominale.  I 

Thirdly.  —  The  elementary  substanees  give  oot  tiisir  pJ 
liar  and  characteristic  light  only-iu  tli«  Klaie  of  gaa  or  nj 
Hence,  when  we  examine  with  a  Fpectrowopc  a  Eouree  of  W 
we  may  infer  that  a  coniinuoue  spectrum  iudicatcH  ih*  prma 
of  solid  or  liquid  budioH,  while  a  di^continuou*  spce^nn^  ■ 
definite  lines  or  imu<rea  uf  ihe  $lil,  indicains  the  {in»ttoJ 
gases  and  vapors ;  and  in  (hi:  lii»t  otue  we  csu,  as  ha»  beta  ■ 
infer  fVom  tlte  position  of  the  lini;s  ibo  nature  of  ifaH  luttfa 
atoms.  It  would  seem,  however,  from  receul  inTeMipM 
UibI  under  certitin  conditions  even  a  giu  may  abow  m  OSM 
ons  spectrum,  and  there  are  other  Hcemini;  t-xcvpUoaa  H 
admonish  us  that  the  general  principles  just  stMed  akMlfl 
applied  with  caution.  J 

Fwrthly.  —  At  the  very  high  u-inpei:aturc»  at  vhkb  w 
gases  or  vapors  become  lutuiuous,  eouipoutii]  ttodteis  M«a 
iippeur  to  be  dccomjxised,  luid  thu  clTmL-ntnry  aiiHua  Htm 
ciiiied.  Ilcnco  the  observationg  with  the  a 
\)eva  almost  entin-'ly  oonlinol  to  lliu  spectra  of  t 
MilnlaoceSi  aiul  our  knowledge  of  the  apeom  of  a 
MancKs  b  exceedingly  Ihuiled.     In  some  few  M 
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m  ofa  compound  has  been  obtainet],  il  has  been  noticed 

i  the  temperature  riies,  this  specti-um  is  suddenlj  re< 

into  the  separate  Bp<.>ctra  of  the  elements  of  wLIub  the 

■DDipocind  coneWlB. 

fifthly.  —  At  fl  higli  temperature  the  niL'tallic  atoms  of  a 

mpound  bodj  are  far  more  luminous  llian  tlio^e  of  tlie  other 

kJeoii^niary  *  atoms  nith  nliich  .they  arc  as^iociated.     Heoee, 

■Fhea  ifae  vapor  of  a  metallic  compound  is  rendered  luininoua, 

:  liglit  emitted  is  so  exclusively  that  of  the  metallic  atoms, 

dialed  by  the  beat,  that  when  examined  with  the  spec- 

'  B  spectrum  of  the  m<-tal  is  alone  seen ;  and  this  is 

9  |tn>bable  explanation  of  the  fact  that  the  sails  of  the  same 

realed  as  will  be  described  in  the  next  paru- 

IiBU  ibow,  as  a  general  rule,  the  same  spectrum  as  the 

•elf. 

—The  substance,  on  which  we  wish  lo  experiment, 
'linty  bp  rendered  luminous  in  several  ways.     If  the  substance 
it  ft  volatile  metallic  salt,  the  simplest  method  is  to  expose  a 
tl  of  the  substance  (supported  on  a  loop  of  platinum  wke) 
to  the  flame  of  a  Bunsen's  burner  (Fig.  90).  which  by  itself 
s  with  a  nearly  non-luminous  flame.     The  Dame  soon  be- 
ts filled  with  die  disassociated  atoms  of  the  metal  and 

»itb  (heir  peculiar  light. 

D  order  to  ttudy  the  spectra  of  the  less  volatile  metals  like 

n,  or  nickel,  we  use  two  needles  of  the  metal,  and 

I  between  the  piuotn.  when  about  one  fourth  of  an  inch 

,  the  electric  discljarges  of  a  powerful  Ruhmkorff  coil, 

btnied  by  a  lar^  Leyden  jar.     The  metal  is  volatilized 

"  e  li«al  of  the  electric  current,  and  the  space  between  the 

Enta  becomes  filled  with  the  intensely  ignited  vapor,  which 

n  shines  with  its  eharactertstic  light."^ 

a  a  similar  way  we  can  experiment  on  the  permanent  gasea 

1  l>^ht«r  vapors,  enclosing  them  in  a  glass  tube  with  plati- 

1  electrodes,  and  before  sealing  the  tube  reducing  the  ten- 

a  with  oa  ;ur  pump,  when  the  discharge  will  pass  through 

1  of  feveral  inches  of  the  attenuated  gas.     The  light 

a  «nutt«d  comes  from  the  atoms  or  molecules  of  the  ga^,  and 

t  the  electric  current  is  condensed  as  in  the  capillary  por- 

:  (pitik  i*  in  •vnr;  cam  merely  &  lUio  uf  materliLl  putlclw  no- 
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tion  of  iho  lubes  coosiructeil  for  tlii*  fiurpose,  the  Hgkl  Ei  ftf- 
ficienlly  inlense  (o  be  anul^Kcd  willi  llie  siifclnjscopr-. 

The  liiree  diffeienl  modM  of  experimenting:  just  deaoibedtli 
Dot  by  any  ineiin!!  alnnys  give  the  same  npectrum  wlien  ap- 
plied  to  iIjc  same  t-liemiiml  element.     It  ediistaiiilv  l.^Lm^n- 
thut  BS  the  l<;m|ieraiure  rises  new  tines  ap[ifur,  wtiii ! 
ally  iho^  corresponding  to  the  more  rcfrnngible  r  i 
the  very  high  temperaiures  goncralecl  by  tiie  eleeui. 
many  of  the  spectra  change  llielr  whole  aspect.    Tin 
broad  liands  or  laminous  spiices  which  are  bo  c(in«{{ii 
low  temperature  (see  Fig.  8!l),  disappear,  anil  Hrc  i' 
a  greater  or  less  number  of  doHniio  spectrum  lir.i 
emlly,  however,  iho  cliai'acletislie  lines  which  mark 
ment  at  the  lower  lemper.alnre  are  seen  also  nl  tbc  li  . 
sometimes  there  is  a  sudden  and  complete  change  'A'  '  '■ 
Spectrum.    The  cause  of  thu^e  difierences  is  not  <i'< 
bat  it  has  been  thought  by  oome  invcBiigatore  Ihui  il^ 
spectra  of  tlie  elementary  atoms  consist  of  bri;!ht  Um 
nnd  that  the  more  or  less  continuous  epectM,  whi<?'i 
seen  at  the  lower  teinperstures,  are  to  be  referrwd  i 
perfect  disassocinlion  of  the  alcins,  whoav  niutoal  i< ' 
or  partial  combinations  produce  a  slate  of  aggr.  ^ 
proaching  the  condition  which  determines  tho  conlim  < 
Ira  of  li(|uid  or  solid  bodies. 

96.  DtlicQCy  of  the  Method. —  Haring  now  -! 
general  principle!^  of  ^eclnim  analy&i«,  and  lli<-  - 
under  which  them  principles  may  bo  ap|diod,  It  ni  ■ 
added  that  the  method  is  one  of  extremH  delicacy.  1 
us  to  delect  wonderftiily  minute  i|uunliticii  of  mnn 
metallic  elements,  and  has  already  led  to  tho  di«C"vi 
elements  of  this  class  whicli  liad  eluded  all  method-  ' 
gation  previously  employed.  The  names  of  llit.-t 
Rubidium,  Caesium,  Thallium  and  lodiiiTn,  all  r. : 
color  of  ibeir  most  cliRnicterielio  speeirum  landf^' 

97.  Solar  aTui. SuUar  C/iimi»try.  —  yyi'-y>  "   '• 
light  is   pxamiiied   with  a  powerful    »p  ■  ■ 
Cpectnim  is  seen  to  be  crossed  by  an  alun - 

of  dati  Ujui  dUtributed  with  no  appari-nt 

>Ttia  ilinitfimt  liBiiili  Cirthn  umi  rlnmnnt  an  ntiuOiy  J<.:-. 
Omk  hlun,  Mluwiiig  Um  anirt  at  roliti  to  brillluit;. 


;  »ery  greatly  in  relative  slrength  or  inlensity.  Thei^e 
were  iiret  nccuralelj  described  by  the  German  opiigian 
iDDbofer,  aad  have  since  been  known  aa  the  Fraunhofer 
».  A  few  of  ihe  most  prominent  of  these  lines  are  shown 
Fig.  8D.  with  (he  lettersMf  tlie  alpliabt^l  by  which  they  are 
etl.  These  lines,  like  the  bright  lines  of  the  elements, 
impond  in  every  case  lo  a  deBnite  degree  of  refrangibilily, 
*  therefore  have  a  fixed  position  on  the  pcale  of  the  spectre- 
ipe.     Moreover,  what  is  very  remarkable,  the  bright  and 

dark   linea  have   in    several  coses   absolutely  the  same 
ition. 

>l  a  tasy  (a  con^ruct  the  spectroscope  so  that  the  two  halves 
Ihe  iiUt  may  be  illuminated  from  ditfercnt  sources.     If  then 

admit  a  beam  of  sunlight  lliroiigb  one  half,  and  the  light 
a  ndiutn  flame  Ihroagh  the  othtir  half^  we  shull  have  the 

ipcptra  fiipfr- imposed  in  the  fitmo  field,  as  in    Fig.  01, 
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IS,; 


it  will  be  Eeen   that  the  two  parts  of  the  sodium  band, 

icfa  appears  as  a  double  line  under  a  high  power,  coincide 

idiilely  in  position  with    the    double    dark  line  D  in  the 

r  apcc.trum.     But  a  still   more  striking  coincidence  has 

I  observed  in  the  cane  of  iron,  for  the  eighty  well-marked 

'ht  lines  in  the  speclntm  of  this  metal  con-espond  absolutely 

b  in  position  and  in  strength  with  eighty  of  Ihe  dark  lines 

le  «olar  spectrum.     Now,  the  chances  that  such  cginci- 

es  are  the  result  of  accident,  are  not  one  in  one  billion 

m ',    and  we  are  therefore  compelled  lo  believe  that  Ihe 

phenomena  must  be    connecied.     A  simple   experiment 

•»  what  the  relation  probably  is. 

[f  wo  jilace  before  the  spectroscope  a  sodium  flame,  we  see, 

floune,  the  familiar  double  line.     If  now  we  place  behind 
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the  sodium  flame  a  candle  flame,  eo  ibat  Uie  csndle  &\io  thim 
inio  the  slit,  but  only  through  the  sodium  Hume,  we  shall  « 
ihe  eume  bright  lines  projected  upon  the  continuous  gpectrd 
ot*  Lhe  candle,  ir,  however,  we  put  in  place  of  the  candle  J 
eleclric  light,  we  shall  fiad  that  white  the  continuous  speclrtl 
ii  now  far  more  brillium  than  before,  the  Eudium  linea  appd 
black.  The  csplanatioo  of  this  singular  phenomenon  is  lol 
found  in  a  principle,  now  well  established  both  theoretical 
and  e  I  peri  men  tall}-,  ibat  a  ma^s  of  luminous  vapor,  while  ottM 
wise  transparent,  powerfully  absorbs  rays  of  the  same  refrai^ 
bihlj'  which  it  emiia  itself.  Hence,  in  our  esperiment,  tl 
very  small  portion  of  the  spectrum  covered  by  the  eodium  Ui 
ia  illuminated  by  the  eodium  flame  alone,  while  all  the  nail 
the  spectrum  is  illuminated  from  the  source  behind,  and  fl 
effect  b  merely  one  of  contrast,  the  sodium  linea  appeaia 
light  OT  dark  according  as  they  are  brighter  or  darker  than  I 
coDtiguous  porciona  of  the  i^pcclrum.  1 

In  a  similar  way  the  bright  linea  of  a  few  otiier  elema 
have  been  inverted,  and  these  experimenu  would  lead  ufl 
infer  that  the  Fraunhofer  lines  themselTee  arc  formed  bjj 
bnlliaot  photosphere  shiping  tlirough  a  moss  of  less  Inmiin 
gas.  In  other  words,  it  would  a[tpear  tliat  the  sun'a  luminJ 
orb  is  surrounded  by  an  immense  atmosphere  which  inlerael 
a  portion  of  his  ray?,  and  that  we  urc  as  dark  linej  what  wql 
probably  appear  as  bright  bands,  could  we  examiae  the  Vm 
from  the  atmo-phere  alone.  1 

If  then  our  generalization  is  safe,  the  dark  and  the  brlJ 
lines  are  the  same  phenomena  seen  under  a  different  nspa 
anil  the  one  as  w:ell  as  the  other  may  be  used  to  identify  I 
different  chemical  elements.  Hence,  then,  there  most  be  U 
iron  and  sodium  in  the  sun's  atmosphere,  and  for  the  td 
roaaon  we  conclude  that  our  luminary  must  contain  Hydrcfl 
Calcium,  Magnesium,  Nickel,  Chromium,  Barium,  Copper.d 
Zinc,  while  ihi^rei^equally  good  evidence  llmt  Gold,  Silver,  IB 
cury,  Cadmium,  Tin,  Lead,  Antimony,  Arsenic,  Strontium,  J 
Lithium  are  not  [irc^eiil,  at  leiist  in  large  quiuititit-s.  It  U  tn 
however,  that  the  elements  thus  recognized  in  the  sun  oJ 
account  for  a  very  insignitieant  portion  of  the  dark  linea,  ■ 
it  ia  difGcult  to  reconcile  this  fact  with  our  actual  knowMl 
and  present  theories.     Since  the  meteorites  have  brooghu 
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CM>  neiT  eli^meoU,  their  evidence,  as  far  as  it  goes,  would 

not  lead  us  to  expect  to  find  io  th«  sun'a  atmosphere  euch  a 

Li  number  of  uiiknoHu  elements  as  the  dark  lioes  would  Jn- 

■te :  uud  tUia  obvious  explanation  of  ibeir  counties  num- 

bw  cannot  iherefore  be  regarded  as  probable.      It  lias  been 

dboerved,  however,  in  the  few  cases  which  have  been  investi- 

fgMd.  tliat  Uie  frpectratn  of  a  coaipound  bo<ly  is  fur  more 

complex  than  the  dilferent  spectra  of  its  clemenis  combined; 

po^^ible   that  the  complexity  we  see  in  the  solar 

spectrum  may  arise  from  the    partial  combiaaiion  or  mutual 

Jaterferenco  of  eleuentn  now  known,  in  the  ouler  and  colder 

inians  nf  that  immense  atmosphere  which  is  supposed    to 

Mnd  taany  thousand  mile^  beyond  the  luminous  surface  of 

ttiua. 

If  next  wo  hirn  the  spectroscope  on  some  of  tlip  brighter 

Ised  eiara,  vie  .~ball  .see  cuutinuous   speetra  like   the  solar 

epecirum,  of  greater  or  less  extent,  and  covered  by  dark  lines. 

enreful  compariiion  of  these  lines  would  eeem  to  iudicale 

tt  the  stars  differ  rcry  greatly  from  each  other,  although  in 

^fCDcml  they  are  bodies  similar  to  our  sun ;  and  if  our  theory 

St  correct,  we  have  been  able  to  detect  the  presence  of  sodium, 

■gnesium,    hydix>gen,     calcium,     iron,    bisniulh,    tellurium, 

rtioiony,  and  mercury  in  Aldebaran,  and  other  elements  in 

ber  rtnre. 

The  most  remarkable  result  of  stellar  chemistry  remains  yet 
be  noticed.  On  examining  the  npbuhe  with  the  spectro- 
ope,  it  1ms  been  found  that  while  some  of  thera  show  a  con- 
UKHia  upecinim,  there  arc  a  number  of  these  remarkable 
i^ee  which  exhibit  the  phenomena  of  bright  lines.  Tliis 
mU  lead  us  to  the  nuicluiion  that  the  last  are  really,  as  the 
dwlitr  theory  assumes,  masses  of  incandescent  gas,  while  the 
at  ftre  not  true  nebnlEc,  but  simply  clusters  ol  very  distant 
■n.  An  examination  of  the  comets  has  confirmed  the  pre- 
003  cooditsion  that  lliey  also  are  mere  masses  of  gas,  but, 
'ly  enough,  ihe  light  from  the  coma  of  one  of  those 
lies  gave  a  continuous  s]>ectrum,  duo  probably  Io  rellecled 
nlight. 

SB.  Ahtorption  Spectra.  —  When  a  luminous  ftame  is  viewed 
■Ih  »  *portrosTO|)e  through  a  solution  of  any  salt  of  the 
>tal  Erhittm,  the  utiierwiM)  continuous  spectrum  of  the  flame 
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is  seen  to  be  inlernipted  by  several  broad  bands,  which  have  ij 
definile  posiliun,  and  are  a  valuub]!:  tneaDS  of  reoognixing  t 
presence  of  ihia  very  rare  element.    This  obsorplion  spect 
as  it  is  called,  is  simply  the  reverse,  the  "  negative  "  of  | 
luminous  spectrum  of  the  same  element 

In  like  manner  the  salts  of   Didgmium  give  an  eqtu 
characteristic,   although    very  differeut,  absorption    spent 
vhich  is  in  fact  the  only  sure  test  we  possess  for  this  r 
able  elementary  substance  \  and  as  the  bands  may  under  n 
conilitioQi  be  seen  with  reflected,  as  well  as  with  Iratis 
light,  vre  may  apply  the  test  even  to  opaque  solids.     AlaOtV 
same  absorption  bands  are  obtained  either  when  the  li^ 
transmitted  through  a  liquid  aolulion,  or  through  a  tolid  ci 
of  any  suit  of  ihe  metal;  and,  moreover,  the  iucaudesconl  T«p< 
of  the  mi'tal  ehowB  bright  bands  corresponding  lo  the  i 
bands  in  position.     The#e  facta  would  seem  lo  show  that  i 
characteristic  specirum  bands  of  an  cle^nent  may  he,  at  U 
lo  Home  extent,  independent  bolh  of  the  state  of  aggregi 
and  of  the  condition  of  combination  of  tlie  elementary  aton 

Many  auhslances  besides  the  compounds  of   the  elom 
just  noticed,  give  characteristic  absorption  »=pectra  which  h 
been  foimd  to  be  useful  chemical  tesia,  especially  in  iha  4 
of  blood,  and  certain  other  bo<lies  of  organic  origia. 
most  remarkable  phenomena  of  this  class  are  the  ab'n 
spectra  which  are  seen  when  a  luminous  flame  is  viewed  1 
a  spectroscope  through  various  colored  vapors,  such  as  1 
of  nitric  pcr-oxidc,  bri>mine,  and  iodine.     The  dark  bands  l| 
then  very  numerous,  and  in  some  cases  may  be  resolved  i, 
well-dtflned  lines.     Indeed,  the  absorption  bands  are  a  clas 
phenomena  cloiely  allied  to  the  Fraunhofer  lines,  many  I 
which  are  knoivn  to  result  from  the  absorption  by  the  e 
atmosphere  of  Bolar  rays  of  certiun  degrees  of  refrangibl 
and  all  these  facts,  with  many  others,  prove  that  gases  ■ 
vapors  may  exert  their  peculiar  power  of  elective  abso 
at  the  ordinary  temperature,  as  well  as  when  incandet 
As  a  gi-neral  rule,  iiowever,  ihe  absorption  bands  a 
the  bri^lit  lines  of  rfie  metallic  spectra  or  their  representn 
among  [he  dark  lines  of  the  sohir  spectrum,  detinilc  im 
the  tlit,  but  they  are  darker  portions  of  the  spectrum  n 
less  regularly  shaded,  and  cori'ei'pond  to  the  broad  baod*  01 
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himinoas  Epacm  in  tbe  spectra  of  tlie  metallic  vapora  wlien 
nol  intensely  hcnteil.  In  tach  case  the  effect  results  from  the 
Memling  of  a  greater  or  less  oumlier  of  imaged  of  the  alit, 
diflering  in  relative  position  aad  intensity. 

99.  Theory  of  Exeliangei.  —  T^ha  facta  of  the  two  last 
Bcctivits  are  all  illuBtratiuns  of  a  general  principle  already 
refcrrtil  lo  in  couiiectioD  nilh  tiie  ruTeraal  of  ilie  soilium 
Bpecirum.  This  princijile  is  known  an  the  "  Theory  of  Ex- 
changes." and  \iaa  beeu  etaleil  oa  IoIIowb  :  "  The  relauon 
betwetu  llie  |>ower  of  emission,  and  power  of  ahsorption 
far  each  hind  of  rayt  (light  or  heal)  is  the.  snaie  for  all 
boilitu  at  the  Haine  lemiierature."  .  .  .  .  "  Let  R  ilenote  tbe 
ifiien>iiy  of  miliation  of  a  pariiele  for  u  given  deseripiioa  of 
Tight  at  a  given  temperature,  and  let  A  di^noie  the  proportion 
of  TAyi  of  lLi»  descripiiou  im^idi^iil  on  the  partiele  which  it 
■b*orbs ;  then  R-i-A  has  the  same  value  for  all  bodies  at  the 
ntoe  trmpernture,  —  tliai  \s  lo  ^ay,  this  quotient  la  a  function 
of  th«  temperature  only." 

The  law  of  exchanges  finila  its  widest  application  in  the 

L  l^MKMnena  of  radiant  heat,  and  eo  far  as  experimenta  have 

Piwn  made,  it  appears  to  be  true  in  its  greatest  generality.     In 

laying  it  to  explain  the  reversal  of  the  spectra  of  colored 

1,  we  have  only  to  deal  witli  a  single  body  in  it^  relaliona 

t  ny*  of  different  qualities.     If  the  principle  is  true,  the 

DrUng  power  of  such  a  body  at  a  given  temperature  must 

r  a  fixed  ralio  lo  its  )H>wer  of  emission  for  each  kind  of 

rirsjr.     If,  for  example,  it  has  a  great  power  of  emitling  certain 

T'll^  of  red    tigbl,   it   has   a  proportionally  great  power  of 

orbing  the  same  rays.     If.  again,  it  has  a  feeble  power  of 

iriltiog  violel  rays  of  dednite  quality,  its  power  of  absorbing 

b  nyt  is  proportionally  feeble,  and  bears  tbe  same  ratio  to 

I  power  of  emission  as  before ;  and,  lastly,  it  has  no  power 

f  ab^orp^on  over  auch  rays  as  il  d^jcs  nol  itself  emit.     More- 

«t.  It  would  follow  thai,  allhough  the  relation  of  the  absorb- 

J  lo  the  r&diatiDg  power  might  vary  very  greatly,  so  that, 

V  llu)  tctnperalure  falls,  the  last  may  Iwcome  inconsiderable 

B  aompan;d  with  the  first,  or  even  vanitih,  no  essential  change 

a  the  character  of  ibi^  elective  abaorptton  would  be  thus  in- 

IIh ■   wc   >-IiiiiiM   expect   Ihat  bodies  would  absorb 

■  ■■:■  iiuality  which  they  eiatl  when  hot, 
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•nd  it  opaque  solids  when    beatcd  would  emit  wlxit 

light,     n  e  iiavt  Been  that  the  general  order  of  the  ph«Dom{3» 
is  that  which  the  law  of  exchanges  would  predict,  and  here,  fb 
the  prc'iient,  our  knowledge  siojia.     We  hare  as  yet  been  a.bl< 
to  form  no  falisfactorj  theory  in  regard  to  the  relations  of  tlit 
molecular  structure  of  bodies  lo  the  medium  tlirough  which  Ibc 
wares   of    light   or   heat  are   transmitted.      It   i%  however, 
worthy  of  notice  that  Euler,  one  of  the  earliest  and  nblest 
investigators  of  undulntory  motion,  predicted  the  discovery  of 
the  law  of  exchongea,  in  assuming  as  a  fundamental  principle  of 
the  tmcliilator)!  theory  thiit  a  body  can  only  absorb  oacillati<»a 
isochronous'  with  those  of  which  it  in  itself  susceptible. 

100.  General  Conclusions.  —  The  fads  that  have  bean 
stated  in  this  chapter  are  8uffici--nt  to  show,  that,  alrhoughyet 
in  its  infancy,  spectrum  analysis  promi^t^s  to  be  one  of  the 
most  powerful  instruments  of  inve^tigalion  ever  applied  in 
pbysiciil  science.  It  seems  to  be  the  key  which  will  in  time 
open  to  uiir  view  the  molecular  structure  of  matter ;  and  even 
now  the  results  actually  obinined  suggest  speculations  in 
regard  to  ihe  ultimate  constitution  of  mailer,  of  the  most 
interesting  character.  The  several  monochromatic  rays  which 
the  atoms  of  the  elements  emit,  must  receive  iheir  peculiar 
character  from  some  motion  in  the  atoms  themselves  which  is 
isochronous  with  Ihe  motion  they  impart.  Is  it  not  then  in 
this  motion  that  the  iniiividualily  of  tlie  element  resides,  and 
may  not  all  matter  be  alike  in  its  ultimate  c»sence?  Sucb 
specula ti 'ins,  however  wild,  are  not  who!!)'  unprofitable,  if  only 
they  stimulate    iuvestigalion   and   thus    lead   to  furtlicr  dia- 


i 


101.  Cmerai  PrineiplcM.  —  The  glimpses  ihal  we  have  been 

lie  Id  gain  of  ihe  order  in  the  constilution  of  matter  give  us 

muds  for  believing  llinl  there  is  a  unity  of  plaL>  pervading 

whole  Bchetna,  and  encourage  a  confident  expectation  thai 

hen  our  knowledge  become*  more  complete,  chem- 

niaj  Atinia  to  at  least  Huch  a  partial  conception  of  this 

I  as  will  enable  them  to   classify  their  compounds  under 

6  natural  system ;  and  in  imagination  we  may  even  look 

to  the  time  when  science  will  be  able  to  express  all 

k«  possibilities  o[  this  sclieme  with  a  lew  general  Ibrniulie, 

rbich  will  enable  the  chemist  to  predict  with  abwlute  cer- 

unty  the  qualities  and  relations  of  any  given  combination  of 

ilerittU  or  cundition-i.     But  although  to  a  very  alight  extent 

!  idea  bus  been  realized  for  a  small  class  of  the  compounds 

carbon,  yet  as  a  whole  this  gmnd  conception  is  as  yet  but  a 

iam.     The  more  advanced  student  will  find  that  in  limited 

rttons  of  porae  few  tields  of  investigation  a  fragmentary  clas- 

cation  is  possible,  as  in  mineralogy;  but,  when  he  aliempts 

eomprehend  tlie  whole  domain,  he  becomes  painfully  aware 

'  ihe  immcn^  deficiencies  of  his  knowledge ;  he  is  coufused 

J  the  Dumerous  chains  of  relationship,  which  he  follows,  with 

►  result,  lo  sudden  hreak.<,  and  soon  becomes  convinced  that 

I  each  efforts  muiit  be  fruitless  until  more  of  the  missing  links 

e  aapplied. 

The  best  that  can  now  be  done  in  an  elemenijiry  treatise  on 
lemistry  is  to  group  loReiher  the  elements,  or,  rather,  tha 
ementary  atoms,  in  such  families  as  will  bent  show  their 
Uural  affinities ;  and  then  to  study,  under  the  bead  of  each 
lenutnt,  the  more  im|H>rtant  and  characi eristic  of  its  com- 
raiKla.  However  little  value  such  a  claiinilicatian  may  hare 
B  its  scientific  aspect,  it  will  bring  together,  to  a  greater  or  less 
■stent,  the  allied  facta  of  the  ecieuce,  and  thus  will  help  the 
~  to  main  ibcm  in  tlie  memory. 
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In  clafisifying  the  elenieiitarj  atoms,  the  lliree  moat  ii 
tant  yliaruclera  to  be  observed  arc  tlie  Prtvailing  Quantive 
the  Electrieal  Affinities,  and  the  CiytlalUne  Helationt, 
first  of  these  characters  serTea  more  particularly  to  clussirj-  ihg 
elements  in  groups,  the  second  to  determine  their  piwiliDr»  tg 
the  groups,  and  the  la^t  to  control  the  iudiealioiu  of  the  ot-lier 

The  crystalline  relations  of  the  atoms  can  only  be  l)ete^ 
mined  by  comparing  the  eryalalline  forms  of  allied  eorapouniis, 
und  iiirolve  the  principles  of  isomorphism  already  discussfd 
Moreover,  in  order  to  reach  the  most  Batlsfuciory  achetne  of 
clii--*ificfttion,  we  mnet  take  into  consideration  other  properlia 
of  i\iefe  compounds  begideu  the  crystalline  form ;  wiiic^li,  il- 
ihough  they  may  not  be  so  precisely  formulated,  are  frniuenlly 
imiiortaiit  aids  in  foruiing  correct  opinions  as  to  the  n:lHliaiu(if 
the  atoms.  It  will  also  be  evident,  from  what  has  prevtomlj 
been  etated,  that  more  trustworthy  inferences  as  to  these  lels- 
tions  may  frequently  be  drawn  from  the  crystalline  form  lod 
properties  of  allied  compounds  than  from  tho^  of  the  element- 
ary siibstancea  themselves;  for,  in  addition  to  the  fact  thBin 
many  of  these  substances  crystallize  in  the  isometric  syeieai, 
whose  dimensions  admit  of  no  Tui-iation,  it  is  also  true  llial,  io 
our  ignorance  of  tlie  molecular  cnnstilution  of  most  of  them,  «fl 
often  have  more  cerininty,  in  the  caSg  of  compounds,  that  our 
comparisons  are  made  under  identical  molecular  coniHtionB. 

102.  Melidlie  and  Non-SUlidUe  ElemenU.  —  In  all  i\  orts  on 
chemistry  since  the  time  of  Lavoisier,  the  elemeniary  sub- 
stances have  been  divided  into  two  great  dashes, —  the  mffniii 
and  the  non-m*(a/»;  and  the  distinction  is  undoubtedly 
menial,  although  too  much  importance  hna  been  ft«qi 
attached  to  the  accident  of  a  brilliant  lustre.  The 
islic  qualities  of  a  metnl,  with  which  every  one  is. more 
familiar,  are  the  no-called  melallie  lustrf,  that  peculiar 
ability  of  molecular  structure  known  as  malleability 
and  the  power  of  rfinduetinif  eleetrieili/  or  heat.  These  t[\ 
are  found  united  and  in  their  perfection  only  in  the  true 
nllhougli  one  or  even  two  of  them  are  well  devclopeil  in 
elementary  subt^tances  which,  on  account  of  their 
qualiiies,  are  now  almost  invariably  classed  willi 
meiuU,  —  as,  for  example,   in   selenium,   tellurium, 
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Uiliion;,  boron,  and  eilJcon.  Bo^idea  the  properties  above 
used,  muDj  penons  oliio  asaociale  with  the  idea  of  a  metal  a 
igh  tpedfic  gntvity ;  but  this  property,  though  common  to  most 
Hhe  a^eful  metith,  ta  by  no  means  univeraal;  and,  among  the 
letals  wiih  nhich  the  chemist  ii  tamiliar,  we  Snd  die  lightest, 
I  well  as  the  heaviest,  of  eoIidE.  The  non-mctallie  eh-nienti, 
I  the  nnmo  denotes,  are  distinguished  bj  the  absence  of  roetal- 
B  qualities  ;  but  the  one  cla^  merges  into  the  other. 

The  presence  or  absence  of  metullic  qualities  in  the  ele- 
eatMj  subfltnnres  \s  for  some  unknown  rea.con  intimately 
Bociatcd  witli  the  electrical  relations  of  their  atoms,  —  IhoBe  of 
le  metaU  bt^ing  eli;eEr'>-po^tive,  while  those  of  the  non- 
nre  elecirw-negaiive,  with  refei'ence,  in  each  case,  to  the 
lorn*  of  the  opposite  class.  In  the  claE.''ilicalion  given  in 
^able  11-  we  have  associated  together  in  the  same  family  both 
ie  meinU  and  the  non-mclals  having  the  same  quauliralenoe, 
eKeving  tlmt  goch  an  arrangement  not  only  best  exhibits  the 
of  the  atoms,  but  ali=o  that  in  a  course  of  elementary 

UraatioD  it  presents  the  facts  of  chemistry  in  the  most  logical 

103.  Sehtme  of  (J/auif  cation.  —  The  cWsificaiion  of  the 
Btnentary  atoms  which  has  been  adopted  in  this  book  is  shown 

Table  IL 

la  the  firel  place  the  atoms  are  divided  into  two  large 
milieii,  the  Pari^vsads  and  the  Artiads  (27). 

Secondly,  these  families  are  subdivided  into  groups  (separated 
■  bnn  in  the  table)  of  closely  allied  elements.  The  atoms  of  any 
n  of  ihese  groups  are  isomorphoua ;  and  they  are  arranged 

Ihe  order  of  their  weights,  which  is  found  to  correspond  also, 

■bnoct  every  case,  to  their  electrical  relations.  Each  group 
ma  a  very  limited  chemical  series :  and  not  only  the  weights 
id  the  electrical  relations  of  the  atoms,  but  also  many  of  the 
qualities  of  the  elementary  substances,  vary  regularly 

we  pass  from  one  end  of  the  series  to  the  other.     The  order 

Ihe  variation,  however,  is  not  always  the  same  ;  for  while  in 
toe  cases  the  lightest  atoms  of  a  series  are  the  most  clectro- 
ipidvo,  in  other  cases  they  are  the  mo^t  elcctro-poiiiive, 

Tbirdij,  in  arranging  the  groups  of  allied  atoms  we  have 
nowed  lite  prevailing  quantivalcnce  of  the  group,  and  those 
vap*  whose  elementary  atoms  exhibit  in  gencrtd  iW  \owea\ 
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quuntj valence  are,  as  a  rule,  placed  first  in  order;  bat 
our  present  Hmitud  knowledge  there  must  be  soma 
in  regard  to  [lie  details  of  such  aa  arrangement,  and  the 
ctple  haa  gometimea  been  violated  so  ai  to  bring  together 
(froupa  of  atom;)  which  are  mo^t  allied  in  dieir  chemical 
dons. 

The  remarks  already  made  in  regard  to  the  general  sc[u 
of  chemluil  elu.ssiticatioii  apply  with  almost  equal  force  to 
partial  syslem  here  niii-mpted.     Tlie  very  alicnipt  makes 
dent  tlm  fragmentary  character  of  our  knowledge,  even  in 
gard  to  the  exceedingly  limited  portion  of  ilie  nubject 
which  we  are  dealing.     The  idea  of  clo^ji^ili cation  by  t«riea 
finit  developed  in  tiie  Btudy  of  organic  chegiiBtry,  where 
principle  is  much  more  conspicuous  than  among  inorgaaic 
pounds.     Thus,  as  has  been  shown  (40),  we  are  acqi 
'    with  twenty  ocidd  resembling  acetic  acid,  whieh  form  a 
beginning  with  formic  atid  and  enilingwilh  melisslc  neid. 
memlaer  of  this  series  differs  in  composition  from  the 
member  by  C/i„  or  by  fome  muliiplc  of  this  symbol ;  tun 
properties  of  the  compounds  vary  regularly  between  ihees 
limits,  according   to  well-csUiblished  laws.     Moreover, 
other  similur,  although  more  limited,  series  of  compoutu 
known,  and  the  principle  realized  in  these  organic  series 
to  be  the  Irue  idea  of  all  chemical  classification.    But,  in  ati 
ing  to  apply  it  to  the  chemical  elements,  we  find  only  two  oi 
groups  of  atoms  wliere  the  series  is  of  suiEcient  extent  to 
the  relations  of  the  members  evident.     In  mo^t  cases  it 
seem  as  if  we  only  knew  one  or  two  members  of  a  serie 
this  apparent  ignorance  not  only  throws  doubt  on  the  gi 
applicalionof  our  principle,  but  also  renders  uncertain  the  d< 
of  our  scheme,  even  a'^suming  that  the  principle  of  the 
flcation  is  correi't.     Hence,  also,  great  differences  of  o 
may  be  reasonably  entertained  in  regard  to  the  position 
the  different  atoms  ought  to  occupy  in  such  a  scheme. 

Another  very  important  cause  of  uncertainly  in  any  schi 
of  classifying  ihe  elements  arises  from  (he  double  relatioi 
which  many  of  them  manifest  Thus  iron,  which  we 
SMonaled  with  manganese  and  aluminum,  is  in  some 
relations  closely  allied  to  mngnesium  and  linc  Many 
i-k-mt:iil3  resemble  iron  in  having  a  similar  two-fold 
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id  Afferent  auiliors  may  reasonably  assign  to  such  elemenla 

difierenl  pUcea  in  their  ajstcms  of  dassiScation,  according  as 

Ihej  chicll)'  view  them  Irom  one  or  tbe  other  aspect.     Hence 

isea  a  degree  of  uncertainty  H'bioh  iiffecis  our  whole  sysiem, 

licaDDot  be  aToided  ia  the  present  State  of  the  science. 

Indeed,  no  clasi^ifi cation  in  independent  groups  can  satisfy 

e  complex  relations  of  the  elements.    These  relations  cannot 

represented  by  a  simple  system  of  parallel  series,  but  only 

bf  a  web  of  crossing  lines,  in  which  the  i^ame  element  nuiy 

represented  ns  a  member  of  two  or  more  series  at  once, 

[  as   affili.iling  in  different  directions  Kith  very  dilferent 

wea  of  elements.     In  the  present  Iragmenlary  state  of  our 

mleJge,  »uch  a  classiticatioti  as  we  have  just  indicated  ia 

mtiainable.     The  scheme  adapted  in  this  book  only  iudi- 

N  in  e-ach  case  a  single  line  of  relationship ;  but  we  have 

'ftya   endeavored  lo  place   each    element  in   that  relation  ' 

e  most  characteristic ;  and,  however  imperfect  liuch 

•dieme  may  be,  it  will  nevertheless  assist  study  bj  bringing 

thro  the  student's  mind  the  facts  of  the  science  in  a  ^yste- 

Mie  and  natural  order. 

104.  Rtlatiunt  of  the  Atomic  Weights.  —  If  the  principle  of 
lun&calion  which  we  have  adopted  is  correct,  and  the  ele- 
WOte  actually  belong  to  series  like  those  of  the  compounds  of 
rganle  chemistry,  we  should  naturally  expect  that  the  atomic 
,te  would  conform  to  the  same  aeria!  law ;  and  it  in  a  re- 
wrkaible  fact  thai  tlie  differences  between  the  atomic  weights 
r  the  elements  of  the  same  group  are  in  most  cases  very  nearly 
inhiples  of  IG.  The  value  of  this  common  difference  varies 
Btween  15  and  17,  and  we  must  admit  in  some  cases  the 
mplest  fraclional  multiples;  but  the  mean  value  ia  very 
Hxly  IC,  and  the  frequent  occurrence  of  this  difference  is 
try  striking.  This  numerical  relation  is  not  absolutely  exaeti 
HI  here,  as  in  tlie  periods  of  the  planets,  in  the  distribution  of 
•ves  on  the  stem  of  a  plant,  and  in  other  similar  natural 
bvDomena,  there  is  a  marked  tendency  towards  a  certain  nu- 
ll resiili,  which  is  fully  realized,  however,  only  in  com- 
ntivaly  few  cases. 

Otiier  numerical  relations  which  have  been  noticed  between 
e  atotnic  weights  are  probably  oidy  pliases  of  the  same  law 
'  dbtribudon  in  &eries.     Thus  the  atomic  weight  of  sod\u\n  \a 


19S 


OHEUICAL  CLASSIFICATION. 


Tfliy  nearly  the  mean  between  thai  of  lithium  and  potassium  ; 
and  the  atomic  weights  of  chlorine,  bromine,  and  iodine,  of  glu* 
anani,  yttrium  and  erbium,  of  calcium,  strontium,  and  barium, 
<^  oxygen,  eulphur,  and  selenium,  are  similarly  related.  Again, 
there  are  several  pairs  of  allied  elements,  between  whoee 
atomic  weights  there  is  very  nearly  the  eame  diScrcnce.  Thus 
the  difierence  belwe«n  tlie  atomic  weights  of  indium  and  cad- 
mium is  very  nearly  the  same  aa  that  between  the  atomic 
vraghta  of  magnesium  and  zihc,  and  the  dilTerence  between  the 
atomic  weights  of  niobium  and  tantalum  the  same  as  that  be- 
tween the  atomic  weights  of  molybdenum  and  tungsten.  A 
careful  study  of  the  atomic  weights  will  also  reveal  many  other 
appruximale  relations  of  the  same  sort;  but  although  the 
study  of  tiiese  relations  is  highly  interesting,  and  m«y  lead  here- 
after to  valuable  results,  yet  no  great  importance  can  be  at- 
tached to  them  in  the  present  state  of  the  science. 


PART   II. 


INTRODUCTION. 


Hatiso  developed  in  Part  I.  the  fundamontal  principles  of 
cbemical  science,  ne  ehali  next  give,  in  Part  II.,  a  brief  sum- 
mary of  the  more  important  elements  and  compounds,  exhib- 
hiiig  tbeir  constitution  and  relations  bj  means  of  fbrmulie  and 
mcdona,  and  adding  ii  number  of  questions  and  problems, 
which  wUl  serve  to  direct  the  attention  of  the  student  to  the 
important  facia  and  principles,  or  to  those  which,  being 
only  implied  in  the  context,  might  be  otherwise  overlooked, 
which  will  also  give  hira  lie  means  of  testing  the  thor- 
and  accuracy  of  his  knowledge.    The  answers  to  the 
iems  havt  been  calculated  with  the  foar-place  logarithms, 
will  he  found  at  the  end  of  the  volume.     Used  iu  coa- 
wilh  the  table  of  anti logarithms  which  accompanies 
hem,  the  Ic^arlthms  give  results  which  are  accurate  to  the 
irtb  eigniGcant  figure,  and  thid  degree  of  accuracy  exceeds 
klmo't  every  case  that  of  the  experimental  data  given  in 
!  problemc.     With  certain  exceptions  referred  to  below,  the 
oswera  to  the  questions  are  either  staled  or  implied  in  the 
Dinediate  context,  or  in  the  sections  and  fonnulic  to  which 
reooe  is  made.    The  references  to  sections  are  enclosed  in 
mtlieses.  and  those  to  formula;  in  brackets.     Direct  ques- 
I  on  the  fuels  stated  in  the  summary  are  seldom  given,  and 
bviounjy  would  be  superfluous;  but  the  student  should  make 
limself  thoroughly  acquainled  with  (he  subject-matter  of  each 
ection  before  he  altempt)  to  answer  the  questions  or  solve  the 
Toblems  which  follow.      In  studying  the  book,  however,  he 
lliould  »m  to  acquire  a  knowledge  of  the  general  principles 
ind  mutual  relations  which  are  exhibited.  Vathcr  llian  to  eom- 
nlt  to  memory  the  isolated  (acts.     Furlbor  details  end  descrip- 
of  the  experiments  and  apparatus,  by  which  the  prind- 
lera  stated  may  be  confirmed  or  illustrated,  will  be  fuuud 
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in  the  excellent  work  of  Professors  Eliot  and  Storer  referr 
to  in  the  Preface,  and  Ihia  the  eCudent  is  advised  to  consult 
connection  wiih  each  element  which  he  studies.  He  must  1 
member  thut  he  is  dealing,  not  with  abstractions,  but  with  r 
things  and  actual  phenomena,  and  he  should  strive  hi  make  I 
knowledge  as  positive  and  tangible  as  possible.  And  if  he  c 
perform  tbe  esperiments  illustrating  the  moi'e  important  pril 
ciples  or  reactions  (for  which  full  directions  are  given  in  tl 
work  just  mentioned),  this  practice  will  lend  very  greatly 
produce  tbe  desired  resulL  Moreover,  be  must  discrimiiu 
with  the  greatest  care  between  the  facts  directly  staled  or  CE 
pressed  by  ihe  reactions,  and  the  inferences  drawn  from  the 
aud  he  sliould  be  required  to  state  clearly  the  successive  ate 
in  every  proeess  of  inductive  reasoning. 

The  elements  are  studied  in  the  following  chapters  in  1 
order  in  which  they  are  arranged  in  Table  II.,  and  in  contu 
lion  with  each  element  wc  describe,  or  at  least  mention,  t 
more  important  compounds  which  it  forms  with  the  elemei 
preceding  it  in  our  classification.  At  least  this  is  the  geoa 
rule,  but,  so  far  as  regards  the  compounds,  we  do  not  f  ~ 
this  order  invariably,  departing 'from  it  wbenover  ii  may 
necessary  to  illustrate  the  relations  of  tbe  element  we  mayl 
studying.  Thus  we  de^ci'ibe  with  each  element  its  chief  oi 
gen  and  sulphur  compounds  from  the  first.  No  attempt  b 
been  made  to  embrace  the  whole  field,  but  the  aim  has  been 
illustrate  fully  tbe  principles  of  chemical  philosophy,  and 
give  a  clear  idea  of  that  phase  of  the  scheme  of  nat 
has  been  revealed  by  the  study  of  chemistry.  As  stated  in  tl 
Preface,  the  "Questions  and  Problems"  are  an  essential  festu 
in  the  plan  of  the  work,  and  serve  to  supplement  as  well  a 
illustrate  tbe  text.  The  student  will  find  that  the  knowted 
which  he  gains  infereniiaily,  while  seeking  the  answers  to  I 
questions  or  solving  the  problems,  is  peculiarly  valuable^  ■ 
the  acquisition  has  something  of  the  zest  of  new  discoveiy.  . 
he  advances,  he  will  meet  with  quei^lions  which  he  cannot  lb 
answer  without  consulting  more  extended  works,  and  wbluh  ■ 
inteoded  to  direct  his  study  beyond  tbe  limits  of  ihis  book, 
may  consult  in  such  cases  Watts's  Dictionary  of  Chemist 
Miller's  Elements  of  Chemistry,  Percy's  Uetaliurgy,  and  Du 
System  of  Mineralogy. 


CHAPTER    XVIIl. 


THE  PEBISSAD  ELEMENTS. 


Division  I, 

105.  HYDROGEN.  ff=l.  — Monad.  The  lightest 
ma,  and  Uie  siatidard  of  quanlivalenee.  Very  wi<!eiy  diffused 
I  DAtUK-  Forma  one  ninth  of  water,  and  is  a  constituent  of 
Imost  all  vegetable  and  animal  aub^lanees  as  well  ns  of  many 
lineials.  The  essential  conslituent  of  all  acids  and  bases,  from 
'bich  it  is  readily  displaced  by  otlier  atoms. 

106.  Hydrogen  Gat,  HH.  —  The  lightest  substance  known 
I  nature.  Sp.  Gr.  :=  1,  the  standard  of  comparison.  Seldom 
nod  in  a  free  state  in  nature.  Best  prepared  by  the  acUou  of 
inc  or  iron  on  dilute  sulphuric  acid. 

Zn  +  {H,SOi  +  Aq)  =  (Z,iSO,  +  Ag)  +  SI-IU.   [64] 

"wy  combustible.     Has  the  greatest  calorific  power  of  any 
known.      Aqueous  vapor  sole  product  of  its  com- 


2II!-!II-f  ®^  =  2JIi,®.  [65] 

107.  Bydrie  Oxide  {Water).  ^,0.  — The  univerBally  dif- 
~  liquid  of  the  globe.  The  life-blood  of  nature,  and  the 
lief  conslitaenl  of  oi^nized  beings.  Below  0"  a  crystalline 
did  (hexagonal  system.  Fige.  14  and  IG).  Sp.  Gr.  =  0.918. 
iider  (he  ordinary  pressure  of  the  air  it  boils  at  100°,  but 
lista  in  the  atmosphere  in  the  sljtte  of  vapor,  at  all  tempei^ 
atnrc*.  For  maximum  tension  of  vapor  at  difi'ereut  temper' 
see  Chem.  Phys.  (284  and  312).  Water  is  an  almost 
mlTerBal  solvent  and  the  medium  of  most  rhcmical  cliaoges. 
It«  moleuular  i^troelure  ia  regarded  as  the  type  of  a  very 
class  of  ehemical  rompounds.  Its  composition  may  be 
by  electrolysis  (91  and  [65]  revi 


Secondl7t  by  passiog  a  mixture  of  steam  ntid  dilorii 
ihroDgb  a  red-bot  tube. 

2aij®  +  sm^m  =  4111^1  +  ®^. 

BTbirdly,  by  exploding  in  an  eudiometer-lube  a  mixture  a 
I  g«n  and  b;}-drogeQ  gas  [Co].  Fourlhly,  hy  passing  hji 
<  over  heated  cupric  oxide. 

Cuo  +  si-ra  =  cn  +  is,®. 

Water  combines  with  aubydrides  to  form  acida,  aa 

or  P,0,  +  3//,0  —  2/fyOfPO. 

It  combines  with  metallic  oxidea  to  form  bydrat«s,  bai 
[  alkalies,  as 

lJfa^O-\-JIjO=2Na-0-lf  01  CaO-\- H^Oz^CarO^'H^ 

FiZt  combines  with  many  sails  as  water  of  cryetallJuition,  i 

Ft^SO, .  7BjO  CryBt.  Ferrous  Sulphate. 

108,    Hydroxy!,  HO.  —  An   important   compoand   r 
Birhicb  may  be  regarded  as  a  factor  (28)  in  the  moleculi 

y  chemical  compounds,  and  for  ibis  reason  it  is 

^convenient  to  write  ita  symbol  Ho  (22).     The  oxygen  I 

uiy  be  considered  as  compounds  of  hydroxyl  with  electro 

ms  or  radicals  and  the  oxygen  acids  as  compount 

t  the  same  with  electro-negative  atoms  or  radicals.     Thil 

may  write  the  symbols  of  the  following  compounds  n 

below :  — 


Sodic  Hydrate 
Baric  Hydrate 
Ferric  Hydrate 

Nitric  Acid 
Sulphuric  Acid 
Fhoeplioric  Acid 


Na-O-R  or 

Ba-OfH,  " 

H-O-NOt  " 

HfOfSOt  " 

Hf^<hPO  " 


NaHo, 
Ba-Ho^ 

Ho-NOt, 

Hoi^SOt, 

Hofpa 


100.  Hydrie Peroxide  {Oxygenated  WaUr).   //,CJ,arJ 


QUESTIONS  AND  PROBLEMS. 


SOS 


I  r^&rded  aa  the  "rwliual  substance"  (32  anil  69) 
iding  to  hydrosyl.  In  its  most  eonceniraied  fiinn  il  is 
a  liquid  of  the  considtency  of  syrup,  and  having  a  de- 
]ot  resembling  chlorine.  Soluble  in  water  in  iJl  pro- 
^  Prepared  \>y  action  of  carbonic  acid  on  baric  peroxide. 

[^(ff,£?0,+^)  =  BaCO,+  (/r,0,-f-^5).  [71] 

imhj'dride  ia  passed  through  water  in  which  SaO,  is 
■  and  the  solution  of  ff,0,  Kubseqiienlly  evaporated  in 
Decomposed  by  fine  metallic  powdera,  and  also  «pnn- 
NmJy  at  leinperalures  higher  than  22°,  into  water  and  oxy- 

(SiJiO,  +  Aq)  =  {2fl;0  +  Aq)  +  (J>D.        [72] 
bbitrates  iodine  from  ila  compounds. 

iJCI-i-  {Ho-Ho  4-  ^)  =  I-I  +  {2K-Ho  +  Aq).  [73] 
gmnaUy  acts  as  an  oxidizing  ugenL 

+  {4i^l5,-i-J9)  =  PbSO.4-{4//;0  +  Js).  [74] 
however,  acts  as  a  reducing  agent. 

+(fl;o,+j,)=Ag,+«o+^,)+a>'S.  [75] 


Quettitmt  and  ProUemt} 

■1.  What  distinction  can  be  drawn  between  s  chemical  element 
ao  elementary  substance,  it  being  understood  thnt  the  word  cle- 
it  •■  used  in  a  restricted  lense,  as  applying  only  to  the  ultimate 
M  into  which  msttcr  may  be  resolved  ?  lilustralc  the  distioctjon 
iM  case  of  hydrogen.  (G9 ;  18  and  22.) 
S.  What  is  the  essential  characteristic  of  an  acid  and  of  a  base  7 

M.) 

'j.   WW  Is  tbf  ground  fbr  the  belief  that  each  molecule  of  hydro- 
of  two  atoms?    (19-) 

\a  book  Uut  the  leuipenttnre  Is 

iifnrite  ilalnL     Tha  fuIli'Wlnc 

elrei    fa.*,  i^nbie  OBDtlnwtni 

I  Uli>.,UIoeiannnia,*c.    (SesTablsL) 


QUESTIONS  AND  PROBLEMS. 

4.  The  litre  and  the  crith,  the  molecule  weight  or  hydrogen  ■ 

its  molecular  volume,  suetain  what  relation  to  each  other?     SMted 
reason  for  the  rule  on  page  49.     (2  and  25.) 

fi.   How  m&Tiy  grammes  of  zinc  and  how  manj'  of  solpburie  i 

inll  yield  one  litre  of  hydrogen  ga9  ? 

Ana.  2.93  grammes  of  zinc,  and  4.39  gramme's  of  sulphuric  add 

6.  If  4a  grammes  of  zinc  are  used  in  reaction  [64],  bow  a 
cubic  centimetres  of  sulphuric  acid  must  be  used  ulso,  and  bow 
grammes  of  zincic  sulphate,  and  how  many  litres  of  hydrogen  ■ 
will  be  formed  in  the  process  (Sp.  Gt.  of  ll,SO,  =  1.843)'? 

Aus.  3G,7  cTlu.'  of  sulphuric  acid,  111.3 
phale,  and  IS. 4  litres  of  hydrogen. 

7.  What  volume  of  water  should  be  mixed  with  the  eulphurio 
in  the  last  problem,  ae.'^uming  that  the  reaction  takea  plaua  i 
and  that  100  parts  of  water  at  that  temperature  will  dim 
parts  of  Kiocic  sulphate  ? 

Ans.  209.9  v.  111.',  or  enough  to  dissolve  all  the  zinc  salt  fon 

5.  What  weight  of  iron  must  be  used  to  genemlc  si 
gen  to  raise  in  the  atmosphere  by  its  buoyancy  a  t«tnl  weight  ol 
grammes  (Sp.  Gr.  of  air  14.5  nearly)? 

Ans.  100  litres  of  hydrogen  gas  will  be  required,  and  tliia  c 
made  from  SSO.U  grammes  of  iron. 

0.  Assuming  that  the  principle  of  (1 7)  is  correct,  why  d 
low  from  reaction  [G6]  that  the  molecule  of  oxygen  gat  mn 
at  least  two  atoms? 

10.  What  is  the  volume  of  4.480  grammes  of  hydrogen  at  1 
[9]?  Ans.  100  liw 

11.  What  is  the  volume  of  4.480  grammes  of  hydrogen  Kt  0 
nndcrapressuruofiltlc.  m.  [4]?  Ans.  100  Utti 

12.  A  block  of  ice  weighs  36.72  kilos.     What  is  its  yoIoi 

IS.  An  iceberg  is  floating  in  sea  water  (_Sp.  Gr.  ^  1.038). 
proportion  of  its  bulk  is  submerged  ?  Ana.  0,81 

U,    One  kilogramme  of  steam  at  100"  will  melt  how  many  k 
of  ice?  ' 

Ans.  The  steam  by  condensing  and  cooling  would  give  oai 
units  of  heat,  which  is  adequate  to  melt  637  -^  79  = 
kilt^ramme*  of  ice.     (14  and  1(1.) 
15.   'What  is  the  weight  of  one  litre  of  confined  steam  at  the 
perature  of  144°  ?     Tension  of  steam  at  144'  equals  4  atmoiplinj 
Ans.  Weight  of  litre  of  steam  at  0'  and  70  c.  m.  would  he  ll 
MtJcally  9  criths.     Hence  weight  at  144"  and  4  X  16  » 
is,  by  [G]  and  [101,  53.58  criths  or  2.11  a  grau 


QOESTIONS  AND  PROBLEMS.  20S 

16.  What  is  tbe  wriglit  of  one  litre  of  superheated  steBm  under 
mut  preaaure,  aod  at  MG*.4  ?  Aos.  0.23>i9  grammes. 

IT.   Water  is  foiued  into  a  glasa  globe  contaiDiog  drj  air,  at  tbe 

of  IUO°  C,  and  under  the  normal  presBure,  as  loug  aa  it 

ntnaci  U  evajiorate.     What  vill  be  tbe  tension  of  the  moiit  air  ? 

Ana.  Wai«r  or  any  other  U<|uid  evaporates  Into  a  conlined  space 

^alil  tbe  vapor  attains  its  maximum  tension  for  the  existing 

teinpera tore,  even  when  the  apace  is  filled  with  another  ga«; 

and  the  tension  of  tbe  mixture  of  gas  and  vapor  is  equal  to 

tbe  «uui  of  tbe  tension  whiuh  each  would  exert  separately. 

Cbetn.  Phy«.   (SI  2).      Tbe  maximum   tension  of  aqutous 

rapor  at  100°  is  76  c.  m.,  and  hence  the  tension  of  the  moial 

air  in  tbe  globe  must  be  IS2  c.  m. 

18.   A  Totume  of  hydrogen  gas  standing  in  a  bell-glass  over  « 

UMmiaUc  trough,  and  conse<]uently  saturated  with  moisture,  meaa- 

OB  100  6rm^.     The  temperature  is  22°. 3  and  pressure  on  tbe  gaa 

VC  C  m.     What  would  be  the  volume  under  tbe  same  conditions  if 

m  air  were  perfectly  dry  ? 

Ana.  Tbe  maximum  tension  of  aqueous  vapor  at  given  tempei^ 
atare  is  3  c.  m.    Hence  if  vapor  were  removed,  the  tension 
of  the  gas  would  become  74  c.  m.,  provided  the  volume  re- 
mained coDStanL     But  tbe  exterior  pressure  being  76  c.  m., 
tbe  volume  must  accommodate  itself  to  this  condition,  and 
hence  by  [4]  would  be  reduced  to  97.36  c.  m. 
II.   What  is  the  Sp.  Gr.  of  aqueous  vapor?     What  is  meant  by 
A  tern  Sp.  Gr.  as  applied  to  a  vapor,  and  under  what  conditions  ia 
Mnuned  ta  be  uken  ?     (1  and  1 7.)  Ans.  9, 

to.  In  Table  Itl.  the  weight  of  one  litre  of  nqueoiis  vapor  under 
m  Btaiiilard  conditions  of  temperature  and  pressure  is  given  as  9 
UwL  Why  b  this  value  a  fiction  ?  and  why  is  an  impossible  value 
TCB  in  the  table?     Cbt^m.  Pbys.  (32<i). 

SI.  In  the  experiment  indicated  by  reaction  [CC]  (he  oxyften  f;a« 
■  OoUected  in  a  bell^lass  over  water.  It  measured  1,027  irST' 
idie  temperature  SS^.S  and  under  a  pressure  of  7(i  c.  m.  What 
U  the  volame  of  chlorine  gas  used,  measured  undtr  iho  normal 
natlitMiW  ?     The  tension  of  aijueous  vapor  at  S2*.3  i.'  2  c.  m. 

Ads.  2  litres. 
ti.   now  much  copper  will  be  reJuced  in  the  fomiation  of  nine 
wnowfl  of  water,  and  what  volume  of  hydrogen  gas  nil!  he  used  in 
•  rMction  ? 

Ana.  31,7  grammes  of  copper  and  IMS  litres  of  hydrogen. 

33.   It  Kai  been  found  by  exact  experiments  that  for  evcrj  ium 


806  QUESTIONS  XtlD  FBOBLEMS. 

gramineB  of  water  formed  liy  reaction  [67]  the  cupric  oxide  lort  in 
weigbt  eight  grammeB.  What  is  the  percentage  compoaltign  of 
water?  Ans.  11.112  ofbydrogKu  and  88.888  of  oxygen. 

24.  Given  percentage  compoaition  of  water  anil  the  5p.  Gr.  of 
aqueous  vapor,  antl  assuming  that  the  molecule  of  water  I'ODbuni 
onli'  one  oxygen  atom,  how  cau  you  deduce  the  atonuc  wmghl  of 
onygen?    (23.)  .^ 

25.  AsEuming  that  all  the  heat  of  combustion  is  utilized,  how 
many  litres  of  hydrogen  must  be  burnt  to  eonvert  into  free  Rt««m 
one  kilogramme  of  boiling  water,  and  how  does  the  Tolume  of  steam 
generated  compare  with  the  volume  of  gas  burnt  ? 

Ans.  17G.8  litrBB  of  hydrogen  gas  and  1,2<0  litres  of  itenni,  when 

reduced  to  standard  condition!.     (14  and  17.)    (61.) 
36.  Assuming  that  all  the  heat  of  combustion  is  retained  in  Uk 
aqueous  vapor  formed  from  the  bumt  hydrogen,  how  will  the  1<A- 
ume  of  the  expanded  vapor  compare  with  that  of  the  gas  consumedf 
Ans.  By  problem  on  page  121  it  appears  that  the  tem_  """ 

the  vapor  would  be,  under  the  conditions  assumed,  6^ 
Hence  the  volume  would  be  2G.08  times  as  great  U 
the  gas  [fl]. 
ST.   Assumiug  that  the  whole  volume  of  gas  resnldng  G 
electrolysis  of  water  is  retained  in  the  apace  previously  ocm 
the  water,  what  would  be  its  tension?       Ans.  1,860  atmospl 

28.   What  is  the  relalian  of  an  anhydride  to  an  acid,  or  of  A I 
lallic  oxide  to  a  hydrate?     (37  and  47.) 

2S.   >Vhat  objectiong  may  be  raised  to  the  method  of  writlnga 
symbols  of  acids  and  bases  used  in  [  70]  7 

3D.  Uliat  is  the  distinction  between  a  compound  radical  I 
radical  substance  ? 

31.  Why  does  reaction  [73]  gnstwn  the  view  that  hydric  p 
ide  contains  the  nidical  bydro.tyl  ?  Do  not  reactions  [7a],  | 
and  [75]  point  to  another  view  of  its  constitution? 

32.  Analyze  reaction  [T.-i],  and  show  that  it  is  in  harmonr  i^ 
the  modem  theory  of  the  constitution  of  the  oxvgen  moleoulo. 


1 13.J  rLCORtSE.  —  CHLOKKE, 


jy'mtitm  n. 

110.  FLUORINE.  ^=19.  — Quanlivalence  usually  one, 
Irat  ila  tttoraipity  is  proliubly  of  higlit-r  order.  A  cUkI  cunslil- 
I  of  l!iior-sp»»r,  QiFr,  wii  of  cryoliie,  Na^Al^^  Fuund  also, 
but  la  email  <|iianiiiiea,  in  Apatite,  Tourmaline,  Mica,  aud  a  fijw 
aUun-  minerals.  Also  in  tbe  bones  of  animab,  e»|iecially  in  the 
r-tMih.  Tlia  elementary  Bubstaiice  F-F  is  undoubtedly  a  gas, 
Imt  it  has  not  with  certainty  been  Uolaied. 

Hydrofluoric  Acid.   HF.  —  The  anhydrous  acid_is  a 

it  is  eo  corrosive,  and  liquefies  wttli  bo  Bioall  an  ninounl 

of  water,  that  it  is  dilHcult  to  keep  it  in  lliis  eonditiun.     The 

liquid  acid  is  a  solution  of  the  gas  in  water,  and  is  ob- 

liy  diBlilling  a  mixture  of  powdered  fiuor-spar  and  Bul- 

iiiiio  acid  in  a  platinum  or  lead  retort. 

■F,  +  {ILSO,  +  ^9)  =  CaSO.  +  SHE?  +  ^q.  [76] 

'olite  may  be  used  advantageously  instead  of  fluor-spar, 
iw^d  is  distinguished  for  its  power  of  diisolving  silica,  with 
9'lilcb  it  forma  volatile  products.     Hence  it  is  much  used  in 
analysis  for  decomposing  ailiceous  minerals,  and  in  the 
(b  for  etching  glass. 

112.  CHLORINE.  a=:35.5.— Quantivalence  usuallyone. 
It  atomicity  probably  of  a  higher  order.  Very  widely  dis- 
ibuted  in  nature,  cnielly  in  combination  with  sodium,  forming 
ounon  salt. 

lis.  Cliiorine  Giu.  CI- CI. — Telle  wish -green  gas,  which 
Ity  be  Iiqne6cd  by  pressure,  but  has  never  been  frozen.  Sol- 
ia  water,  with  which  it  forma  at  0°  a  crystalline  hydrate. 
Hi^ly  cofiDsive,  and  enters  into  direct  union  with  most  of  the 
iriemenlary  substances.  Discharges  vegetable  colors  and  de- 
Jlroys  noxious  effluvias,  and  hence  much  used  in  the  arts  as  a 
Uekdiing  and  diainfeciing  agent.  Best  prepared  by  gently 
g  in  a  glass  ilask  a  mixture  of  hydrochloric  add  and  man- 
dioxide. 

h -{-  {iJfCl  +  Aq)  = 

(.VnCT,  -!-  2ff,0  +  Aq)  +  ^91^1.  [77] 
,   vi^ry   iiiiportant  chemical   reagent,     Ic   not 


CU10B1!;£. 

only  converts  many  »mple  cliloridea  into  perchlorides,  bat,  vlitm. 
the  intervention  of  water  or  of  some  otht?r  oxygen  tocapounA-^, 
it  al^o  actj  as  an  oxidizing  ^jent,  and  lo  this  cfiect  its  bleacliiucg 
power  is  probably  in  great  measure  owing. 


(Sn  (2,  +  CT,  +  Aq)  =  {Sn.  CT.  +  Ag). 


U^~ 


3CO'(HO),  +  ia-Cl-\-Aq)  = 


■Ag).  17>Z 


ing  liydrogeu  L 


Chlorine  has  also  a  remnrkable  power  ofrepli 
many  of  iis  tumpouniis.    (31J 

114.    Hydruchhric  Acid.    H-Cl,  —  A   colorless   gas   whie% 
may  be  liquefied  by  cold  anil  pressure,  but  biis  not  been  frozcKa. 
Kxceedingly  soluble  in  water,  which  at  4°  absorbs  its  ova 
wei"hc  or  about  480  times  its  volume  of  the  gas.     This  mIu- 
Uon  ia  very  much  used  in  the  laboratory  as  a  reagent,  aod  tn 
acid  is  manufactured  on  a  larg« 
rta.     From  the  Sp.  Gr.  of  the  liqoid 
■y  closely  the  quantity  of  gas  bdd  is 
solution,  by  means  of  tables  in  which  the  results  of  careful  ex- 
perimental deteruiiiiHlions  have  been  tabulated.     The  fullawiog 
extracts  from  a  table  of  Dr.  Ure's  give  all  the  data  required  filf 
calculating  the  problema  in  this  book. 


impure  solution  called 

scale  for  the  u^es  of  the 

acid  we  can  determine  v 


%.!■■ 

Pm  Cm  I. 

%.?: 

Pot  Conl, 

%t- 

PntCMit. 

%,t: 

PHOot 

ijso'a 
i.noi 

1.1699 

«.;77 

38.330 
afl.M92 
34.252 
32.213 

1.1410 

1.1308 
1.1306 
1.1102 
1.1000 

28.544 
26.505 
24.466 
23.426 
20.388 

1.0899 

l!o697 
1.0597 
1.0497 

1 4^271 
12.233 
ln.l94 

1,0397 
1 .0293 

i.oiim 

l.(N>6l) 

8.151 
6.1  It 
4.a7« 
2.03$ 
I.IU 

Muriatic  acid  is  prepared  by  heating  common  salt  with  ml- 
phuric  acid  in  large  iron  retorts,  and  conducting  the  gas  forffiri 
into  large  glass  vessels  containing  water. 

2AbCT  -}-  H^SOt  =  Na.jSO,  +  2111®. 

When  we  make  pure  hydrochloric  acid  in  the  laboratoijal 
only  use  half  as  much  salL  The  gas  is  then  ^ven  off  t 
much  lower  temperature,  and  glass  retorts  may  be  « 


I/drwJiloric  add  mny  also  be  obtained  hy  directly  uniiing 
Pdrpgeo  and  cbloriae  gas. 


iH-3I-f  S 


[82} 


clectrolyiing  the  aqueous  solulion,  ilie  last  reaijiion  ia  ro- 
«d  and  tbe  acid  is  decomposed.  Il  may  aha  be  readily 
>m[HMed  by  metallic  sodium. 


2iasi  +  J«a-]%a  =  2iVaCI  +  m-m. 


[83] 


Ia<]n!d  hydrochloric  acid  dissolves  most  of  ihc  melols  and  the 
illic  ojcidei,  and  ils  uses  in  jiraclicnl  chemistry  are  illus- 
ed  by  the  following  reacuous.     See  alao  [77]. 

Sn  +  {iiici  +  jj)  =  (SaCI,-^  Aq)  +  mm.  [84} 

ZbO  +  (2ifa  +  Ag)  =  (Z»  (3,  +  £-,0  +  Aq).  [85] 

L]0,+  (6//C7  + Jy)=  ([jy  a+3^,0+J5).  [86] 

115.  Compoundi  of  Chlorine  and  Oxygtn.  —  All  of  them 
ible  and  mosi  of  them  eiplosive.  In  regard  to  tlieir  mo- 
ar  constitution  different 

rpochlorous  Anhydride 
pochlorouB  Acid 
loroos  Acid 
ioKHis  Anhydride 
lorie  Acid 
Jork  Peroxide 
rtlilcric  Acid 
J 1 6.   Pola$sie  Chlorate, - 
(be  chloriae  oxygen  acid 
cblorine  gns  lli rough  a  m 

K-0-H-\-Aq)-ir^CI-Cl^ 

(KCIO,  +  5KCI  -\-3JI,0  +  Aq).  [87] 

MIC  chlorate,  being  much  the  less  Boluble,  is  readily  Irced 
the  potsssic  chloride  by  two  or  three  cryiitallizations.  Il  ia 
by  beat  alone  into  potasaic  chloride  and  oxygen  gns. 
2/rC70a  =  2A"a  -I-  Z®^.  [88] 


lews  are 

entertained. 

CkO 

a-o-a. 

HCIO 

H'Oa, 

Hao, 

H-O'O-a, 

a,o. 

CIO-O-O-BI, 

Hao, 

H-o-o-o-a, 

Ci,0^ 

CI-0-O-O-O-CI, 

Hao, 

H'O-O-O-O-Cl. 

?he  mofit  important  salt  of  any 
Obtained  by  passing  a  stream 
1  solution  of  cauE^lic  potasbi 


BROMtNE.  —  JODDiE.  [i  1)'!. 

Much  used  for  making  oxygen  gas,  and  abo  in  firework*  ui 
the  prcparalion  of  detonating  powder. 

117.  BROMINE.  ^  =  80.  —  Quantivalence  asnally  OM. 
but  Biomicity  probably  of  a  bigbE^r  peiHs^d  order.  AHOcisUd 
with  chlorine  in  minute  quantities  in  saline  waters  and  v^rOiB  ■ 
silver  ores.  Tbe  elementary  substance  (^Br-Br)  is  a  rery  vuliliiM 
deep-red  liquid.  ^.  Cr  =  3.187.  Boils  at  63".  Fre4| 
at  7°.3.  Prepared  from  the  bittern  of  certain  salt  spring^ljH 
tj'eaiing  with  chlorine  and  dissolving  out  the  liberated  bronu^^ 
with  ether.  H 

118.  IODINE.  /=I27.  —  Quanttvalence  and  atomidfl 
eame  as  with  bromine.  Associated  witb  chlorine  in  stilt  smiaH 
quantities  than  bromine.  Tbe  elementary  substance  is  obtuD^f 
from  the  ashes  of  certain  eeaweeils.  Crystalline  solid ;  i^-  ^H 
=  4.9^.  Melts  at  107'.  Boils  at  175°,  farming  a  dense  *i^| 
vapor.  Very  slightly  aoluble  in  wuicr,  but  is  readily  diswlv^l 
by  alcobol,  ether,  and  carbonic  sulphide.  Imparts  to  «U^| 
paste  ft  deep  blue  color.  ^| 

Tlie  three  elements,  chlorine,  bromine,  and  iodine,  fon^f 
well-defined  natural  group,  and  a  careful  comparisou  will  a!^| 
that  the  properties  both  of  the  elementary  substances  ud^H 
their  compounds  conform  closely  to  the  law  of  progrMsioa  wi^H 
marks  a  chemical  series.  These  elements  are  all  highly  e]ea^| 
negative  bodies,  but  as  we  descend  in  the  scriee  we  find  ^H 
this  character  becomes  less  marked,  and  hence  their  dm^H 
energy,  as  manifested  by  the  strength  of  their  afHnity  for  ^H 
ments  of  the  opposite  class,  such  as  hydrogen  and  the  eloo^l 
positive  metals,  diminishes  as  the  atomic  weight  mcTOk^| 
and  this  law,  as  will  appear,  obtains  witli  few  exceptiaH^| 
all  the  chemical  series.  Moreover,  it  will  also  be  fonnd^H 
might  indeed  be  anticipated,  that  elements  so  closely  nl|^| 
as  these  are  almost  invariably  found  associated  in  nature.     ^| 

119.  Characteristic  Reactions The  soluble  chlorides,^! 

mides,  and  iodides  all  give,  with  a  solution  of  argentic  nitl^H 
precipitates  insoluble  in  water  and  acids.  Tbe  iodide  of  fi^M 
may  be  distinguished  from  both  the  chloride  and  ihe  br(ad^| 
of  the  same  metal  by  its  yellow  color  and  infiolubilily  In  t^H 
ammonia,  in  which  the  last  two  readily  dissolve.  Bramine^H 
iodine  may  botli  be  expelled  from  their  salts  by  chlorine  j^H 
when  the  first  may  be  recognized  by  tbe  red  eolor  which  it  ^| 
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I  to  ettier  or  chloroform,  and  the  last  hj  tlie  exceedingly 
'SCteri^ic  blue  calar  whicli  it  gives  to  starch  paste.  Fiu- 
e  is  rarily  discovered  because  its  compounds,  when  heated 
«  glass  tube  wiih  potassic  biaulpbaie,  yield  hydrotiuoric  acid 
~  li  etcliea  the  gU^e,  This  element,  although  closely  allied 
tlie  other  three,  differs  so  greatly  in  some  of  its  chemical  re- 
fi  that  it  ie  doubtful  whether  it  belongs  to  the  same  chem- 
a  series. 


QuetHont  and  Problems. 

.  It  appean  that  10  gramnies  of  pure  fluorspar  yields  1 7.436 
nmea  of  calcic  sulphate  [?S].  Assuming  that  the  atomic  weight 
calcium  is  40,  that  of  SO,  96,  sad  also  that  the  symbol  of  fluor- 
r  ia  CaFj,  what  is  the  atomic  weight  of  fluorina  ?  Ans.  1 D. 

.  Bow  much  fliio(>«par  and  how  much  sulphuric  acid  must  be 
1  to  generat«  sufllcienC  bydroduoric  acid  to  neutralize  53  grammes 
odic  carbonate  ? 

Ads,  39  grammes  of  Quor-spar  and  iS  of  sulphuric  acid. 

.  Haw  much  liquid  hydrochloric  acid,  Sp.  Gr.  1.1893,  and  bow 

ill  AtnO,,  will  yield  one  litre  of  chlorine  gas? 

IBS.  3.697  grammes  of  MnO,  and  17.0G  grammes  of  hydrochloric 

I.  Fifty-nine  grSmmea  of  metallic  tin  were  dissolved  in  hydro- 
'c  acid  [  B4],  and  into  this  solution  chlorine  gas  was  passed  until 
B  tin  was  converted  into  perchloride.  How  many  litres  of  hy- 
n  gas  were  evolved  in  the  drst  process,  and  how  many  of  chlo- 

•  gas  absorbed  in  the  second?  Ans.  11.16  litres  of  each. 

I>  Analyse  reactions  [G6  and  79],  and  show  in  what  way  the 
orino  gss  acts  as  an  oxidizing  agent. 

K  Kra  grammes  of  liquid  hydrochloric  acid  are  mixed  with  a 
Blian  of  at^nlic  nitrate,  the  Isnt  being  in  excera.  The  preoipi- 
sd  BTgentie  chloride  was  collected,  washed,  dried,  and  weighed. 
K  wctgfa!  was  3.206  grammes.  Beciuired  the  per  cent  of  HCl  in 
ImIo^.  Ans.  1G.31. 

1.  One  volume  of  common  muriatic  acid,  Sp.  C 
W  nuuiy  volumes  of  HC!  gas  ? 
(lik.  1  eTm^.  or  1.300  grammes,  contains  0.489  g 
or  81S.3  cTu)^  measured  at  15°  [9]. 

I.  Ia  order  to  make  one  litre  of  common  muriatic  acid  of  Sp.  Or. 


212  QUESTIONS  AND  ntOBLEMS. 

1.16,  how  much  salt  and  how  mach  eulphuric  acid  mutt  be  naed,  and 
how  much  water  must  be  placed  in  the  condenser  'I  [81] 

Aiu.  SS8.9  gramnieB  of  salt,  1003.  grajumes  of  Rilphnric  acid,  and 
736.3  grammea  of  water. 

9.  On  what  docs  the  economj  of  the  process  [80]  over  [81]  d«- 

10.  The  reaction  [82]  is  said  to  prove  that  both  hydragen  and 
uhloriuo  gas  have  moleeules  consisting  of  two  atoms.  On  what  pM- 
tulaU-B  does  the  proof  rest?     (17)  (19.J 

11.  One  litre  of  hydrochloric  acid  gm  will  field  by  [83]  how 
many  litres  of  hydrogen  gas  ?  Ads.  1  of  a  litj«. 

\1.  Point  out  the  dilTerencefl  between  the  reactions  [84,  85,  86, 
and  8!J,  and  the  relations  on  which  the  diflerencea  depend 

18.  Show  that  the  compounds  of  chlorine  and  oxygen  may  be  re- 
garded as  compounds  of  chloriae  and  hydroxyl,  Icm  a  certain  itumha 
of  molecules  of  water.  What  atomicity  would  it  then  be  neceaiafy 
to  assign  to  chlorine '( 

Ans.  For  one  case,  (ffO),ii  a  —  3/f,0  =  (ff  0)-C7|0.0,a 

14.  It  has  been  found  by  very  careful  experiments  that  I 
of  potassic  chlorate  yield  by  [88]  60.8a  parts  of  pota^  v 
and  further,  that  100  parts  of  potassio  chloride  give  by  pred 
103.4  ports  of  argentic  chloride.  Assuming  that  the  lyn 
these  compounds  are  those  given  above,  what  must  be  tlic 
weights  of  vblorino,  potassium,  and  silver?  It  is  also  atRn, 
found  by  previous  experiments,  that  the  atomic  weight  of  o: 
16,  and  that  100  parl<  of  silver  combine  with  32.87  of  chlorine. 
Ans.  CI  =  35,5,  A'  =  39.1,  Ag  —  K" 

16.  The  chlorine  gas  evolved  from  1.740  grammes  of  Jl 
passed  into  a  solution  of  potassic  iodide.  Uow  much  iodine  « 
thus  sec  &ee?  Am  5.081  g 

16.    Bromine  and  iodine  form  both  with  hydrogen  and  o 
compomids  similar  to  those  of  chlorine.     Compare  together 
cral  compoimds  and  point  out  the  resemblances  and  diffen 
their  properties,    (See  Miller's  CkenuBtry.) 


Division  m. 

SODIUM.  Na  =  23.  —  Monad.  Combined  with 
bloiine  it  forms  common  salt,  a  sulietonce  whicli  is  verjp 
widely  distributed  tlirougliout  nature.  It  also  enters  into  the 
otnpositlon  of  a  fen  other  minerals  as  an  essential  constituent, 
nd  Kvend  of  its  sails  find  important  applications  both  in  tbe 
ii»  and  iu  common  life. 

121.  MetalUe  Sodium.  Ifa-Na.  —  Soft,  white  metal  with 
briHiant  lustre,  but  rapidly  tarnishing  in  the  air.  .^.  Gr.  = 
9JS7.  Eases  at  00°,  and  boils  at  a  red  lieaU  When  heated 
b  the  air,  it  bums  with  intensely  yellow  flame.  Decomposea 
ter  at  the  lowest  temperatures.  Prepared  by  distilling  in  an 
D  retort  a  mixture  of  sodic  carbouale  and  charcoaL 


IVa,COa  +  2  C  =  SSa-SSfa  +  3  ^®.  [89] 

Dwd  in  the  extraction  of  aluminum,  and  in  the  chemist's  labora- 
[J  aa  a  powerful  reducing  agent. 

122.  Sodic  Chloride  ( Common  Snh).  Na  CI.  —  Wliite  crys- 
aiDe  Bale  (Isometric,  Fig.  7).  Sf.  Gr.  ^  2.078.  Melia  at 
d  heaL  Vohitilizes  at  white  heat.  Soluble  in  about  threa 
sea  tta  weight  of  water.  Obtained  from  Bail-beds  and  by  the 
r^)oration  of  saline  waters.  An  essential  article  of  food.  The 
OTM  of  almost  all  the  sodium  salts.    Used  for  preserving  meat. 

123.  Sodie  Carbonate  {Sal  Soda).  A'ojCOj.  — Thectyslal- 
B«d  salt  contains  in  addition  lOff^O,  but  effloresces  in  dry  air. 
^le  soluble  ^alt,  having  an  alkaline  reaction.  Formerly  pre- 
trcd  by  tbe  lixiviation  of  the  ashea  of  certain  marine  plants 
Ited  barilla.  Now  almost  nniversally  made  from  common 
ft  by  I/eWanc'a  process.  This  consists,  —  First,  in  treating 
tODOn  salt  with  sulphuric  add,  which  converts  sodic  chloride 
to  iodic  eulphato. 

2JVa  CI  +  ff^O,  =  Na^SO,  +  2  JH;gi.  [90] 

MMidlyf  in  melting  on  the  hearth  of  a  reverberatory  furnace 
e  aodic  eulphata  with  chulk  and  fine  coat. 


fiJVojSO,  +  20C=  6JV«,54-  20®ii). 


[91] 


i»iy9+7CaCO,= 


Thirdly,  by  lixiviating  tha  non-volatile  product  of  the  last 
action  (called  black-ball)  with  water,  which  iliBsolvw  only  \ 
eodic  carbonate.  Used  in  washing,  in  the  raanufactura  of  gl 
imd  soap,  and  in  the  preparation  of  other  Eudium  salts.  Jk 
an  impoi-tant  reagent  ic  the  laboratory.  PrecipiOttea  from 
Ittiion  of  their  salce  most  of  the  tneuU^  generally  aa 

(0'aCZ,-f-^-a,trO,  +  Jj)=CaCO,+  (2ifiiC7+^?).  [ 

When  fuaed  in  large  excess  wilL  insoluble  silicates  or  sulpbi 
it  decomposes  them.  Sodic  silicate  or  anlphate  is  formed,  w; 
u  soluble  in  water,  and  metallic  carbonates,  soluble  in  acids. 

BaCO^-\-SatSO^-\-{x~\)SatC%  [1 

124.  AcidSodic  Carbonale{BiearbonateofSoda).  HJfa'C 
— The  crystallized  neutral  carbonate,  when  exposed  to  am 
nosphcre  of  carbonic  anhydride,  absorbs  the  gas  and  ia  conver 
into  this  product  (a  white  powder}. 


e  of  saleratu^  for  raising  bread,  itnd  b  ' 

la  effervescing  powders. 


Used,  under  the 
preparation  of  vs 

{S,Na'CO,  +  jr.A'C,I7,0„  +  Aq)  = 

{Na.hc,H,Oi  +  H^O  +  At])  -f  O®, 

126.  Sodk  Hydrate  {Cauoic  Soda).  NaO-ff.  —  iaa 
pbous  while  solid,  having  very  strong  attraction  for  WKter, 
whiuh  it  dissolves  in  all  proportions,  evolving  considerable  lit 
Solution  powerfully  alkaline  and  strongly  caustic  Prepu 
by  adding  milk  of  lime  to  a  solution  of  sodic  carbt»ut& 

(,lf(vCO,  +  Ca-iffO)^  +  Aq)  = 

To  obtain  the  solid,  (he  solution  must  be  decanted  from  the  I 
soluble  chalk  (  Ca  00^)  and  evaporated  to  dryness.  Tha  sol 
tioQ  itself  is  a  very  valuable  reagent  in  ttie  laboratory,  and 
crude  solution    (lye)   is  used  in  the  arts  for  making  M 


}da  will  GOmpIcU'ly  neutralize  (he  strongeEt  acids.    On 
mpflrattiig  the  neutral  solution,  we  obtain  tlie  Bodic  salt  of  the 


kA'aOJf-i-  HO-NO,  +  Aq)  = 

NaO-NO^J^  H^O -\- Aq).  [98] 
r  ii2faO/I+  {JfO)^C,0,  +  Aq)  = 

({^„0)./C,0,  +  2/f,0  +  Aq).  [99] 

Sodic  salts  of  weak  acids  have  on  alkaline  resi^tion. 

I2e.  Oxidea  of  Sodium.  ~So4icOsidG,m^'0.  Sodic  Per- 
oxide. iVii./(  0-0). 

127.  Sodic  Nitrate  {Chili  SaUpeire  or  Cubic  Nitre).  Na-NO^ 
—A  nataral  product  found  incrusUng  the  soil  in  the  desert  of 
Atacimo.  Crj^stallizes  in  rhombohedrons  resembling  cubes. 
Hnch  used  for  making  nitric  acid. 

128.  POTASSIUM.  A'=  39.1.— Monad.  An  impoi^ 
tant  constituent  of  felspar  and  mica,  two  very  widely  distrib- 
uted siliceous  minerals.  A  constituent  also  of  all  fertile  soils 
which  arc  fanned  in  part  by  the  disinietrrotion  of  rocks  con- 
taining these  minerals.  By  the  action  of  atmospheric  agents 
on  the  soil,  soluble  potassium  salts  are  formed  which  are  ab- 
sorbed by  the  growing;  planis,  whose  ashes  are  the  chief  source 
of  the  pou>s<iium  salts  of  commerce.  But  these  salts  are  now 
■Iso  obiiilned  from  the  salt-beds  of  Stassfurt  in  Germany. 

.   MelaBic  Potattium.  K-K.  —  Resembles  sodium,  but 

I  a  binisli  tinee  of  color ;  Sip.  Gr.  =  0.865,     Brittle  at  0°. 

II  at  15^.    Melts  at  55°,     Sublimes  in  green  vapors  at  a  low 
3  beaL     Bums  when  heated  in  the  air,  and  takes  flre  spon- 

usly  on  water.  Prepared  by  dislilling  in  an  iron  retort 
e  tnixlure  of  potassic  carbonate  and  charcoal  obtained 
J  crude  tartar.  Reaction  same  as  [89],  substilullng 
kfor  A'o.  More  powerful  reducing  agent  than  sodium  ;  hence 
pbiatucd  with  greater  diJllcully.  More  expensive,  and  less  used 
n  that  account. 

Polaisie    Carlonate.    K^COa.  —  'While    deliquescent 

til  strong  alkaline  reaction.     The  crude  sail  {Pot-uthu 

aerce)  is  obtained  by  lixiviating  wood-nsbes  and  evap. 

K  the  lixivium.   Purliied  by  dissolving  in  a  small  qu an ti^ 

%  Wnler,  and  i-ryata!1izLng  out  ibc  impurities.     Largely 
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a  the  arts  for  nanufacturiog  gla^s  and  soap,  and  for 
preparing  other  compoundd  of  potassiina. 

131.  Acid  Potassic  CarbontUe  (Bicarbonate  of  Potash), 
ff,K'COg.  —  While  crystalline  salt,  prepared  by  passing  00^ 
through  a  strong  solution  of  the  neutral  carboniiie.  K«acttdo 
like  [95],  substituting  A"  for  Na. 

132.  Potaisic  Hydrate  (Causlie  Potasfi).  //,ff^O.  — White 
amorphous  solid,  prepared  like  euu-'^tic  soda  [1)7],  which  it 
clo^ly  reeeiitbles,  but  is  more  deliqueacent  and  more  sii'imgly 
alkaline.  Forms  with  fats  ''  sofl  soupa,"  while  soda  forms  *'  hard 
soaps."  Like  caustic  soda,  an  important  reagent  in  the  labor- 
atory. Precipitates  from  solutions  of  their  salts  mo$I  of  the 
metuls,  generally  as  hydrates,  but  sometimes  as  oxides.  In 
Bome  cases  the  precipitate  is  soluble  in  an  excess  of  the 
reagenL 

(Ca-50,  +  2K-{H0)  +  Jq)  T= 

Ca=(HO),  +  (AVS0,  +  .i9).  [100] 

{2Ag-N0t  4-  iKiHO)  -}■  Aq)  = 

As,0  +  {l[,0  +  iK-NO,  4-  Aq).  [101] 

{[.^y  a  4-  ^K'{HO)  +  Aq)  = 

[AI.KHO),  +  {^KCl  +  Aq).  [1023 
[AIJKBO),  +  (C-ff-i/0  +  Aq)  = 

1S3.  Oiidet  cf  Polastium. — Polassic  Oxide,  K^=0.  P6- 
lassie  Dioxide,  ^s^(  0-0).   PotassicTelmxidc,  AV(0-(?-W-0). 

134.  Potasiie  Chloride  (_Si/lri?it).  KCl — Isoroorphous  with 
NaCL  Found  associated  with  Carnallite  {KCLMgCl^ .  63^0} 
in  the  mines  of  Slassfurt  j 

135.  Polaasic  mtra(e{mrf).  ^O,.  — TVhilo 
Bait.  Dimorphous.  Usual  form  of  crystals  orthorhombic  pris 
but  under  certain  conditions  cryslalliEBs  in  rhombohedm 
NaNOt  (Ileiagonal).  Melts  at  339"  without  decompositJ 
Is  decomposed  at  a  red  heat,  giving  off  a  mixture  of  oxygen  I 
Ditrogen  gas.  Deflagrates  on  glowing  coals.  Is'Iire  is  a  naU 
product,  and  is  chiefly  used  in  the  manufacture  of  gunr 
Jl  is  also  employed  in  curing  meat,  and  the  fused  salt  (i;d  . 

fielle)  is  a  useful  medione 
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186,  Charaettriftic  Reactions.  —  Saltsof  potassium  are  dia- 
tingaiisfaed  fruiu  those  of  sodium  by  giving  a  precipitate  with  an 
excess  of  Cartaric  acid  and  witii  acid  platinic  chloride. 

{Ka  -i-  JI.H'  C,II,  0,  +  Aq)  ^ 

PtC%K,  4-  {iUCl+Aq).  [105] 

137.  lAtAium,  Suhidium,  mid  Ostium  are  found  in  very 
sunute  quantities  in  certain  mineral  waters,  in  lepidolite  mica, 
■nd  is  ft  few  oilier  rare  mineralii.  Thej  are  always  associated 
with  polaaaium  and  sodium,  to  whieh  tbey  are  closely  allied  in 
all  their  chemical  relations.  They  form  with  soilinm  and  po- 
tassium a  series  of  electro-positive  elements  quite  as  well  marked 
as  tbe  series  of  electro- negative  elements  of  the  previous  group ; 
and,  following  the  same  law,  the  most  electro-positive  elements 
SK  the  lowest  in  the  series  and  have  the  highest  atomic  weights. 
Bence,  iherelbre,  the  chemical  energy  of  the  elements  of  this 
group,  as  manifeEted  by  the  strength  of  their  afRnities  for  ele- 
ments of  the  opposite  class,  like  tho^e  of  (he  chlorine  group, 
increases  as  we  descend  in  the  series. 

138.  Characlerittie  Seacliom.  —  The  compounds  of  each  of 
the  Gye  "  nlkallne  metals  "  impart  a  peculiar  color  to  the  flams 
of  the  Bunsen  lamp.  These  colored  flames,  when  examined 
with  the  spectroscope,  exhibit  characi eristic,  hands,  by  which 
Ibe  elements  may  be  distinguished,  and  both  rubidium  and  cte- 
ridtn  were  discovered  by  this  means.     (Chapter  XVI.) 


Quettiont  and  ProUems. 
I.  What  is  the  Sp.  Gr.  of  eodium  vapor  'I  Ans.  2S. 

J.    UTiat  is  the  weight  of  one  litre  of  sodium  vapor  at  1,093°,  but 
udw  the  normal  prewure  ?     [3]  and  (1). 
Aaa.  Wejglit  of  bydn^cn  gus  under  the  conditions  named  is  }  of 
a  crilh.     Hcnec,  weight  of  sodium  vapor  is  4.C  criths  or 
O.IUt  oTai 


S.   In  tlie  pTvpantion  of  sodium  [89]  *ti&t  weight  of  mnul  ought 
to  be  cihtuined  Jrom  SO  kilos,  of  eodic  carboDatu,  and  bowmtiu^'Uirei 
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of  carbonic  oxide  gaa  should  be  formed  for  every  gramnie  of  Bodinin 
obtained  ? 

Ans.  8,6S0  kiloe.  of  sodium  and  1.45G  litres  of  carbonic  oxide. 

4.  One  cubic  det^imetre  of  rock-&nlt  contains  how  majij 
decimetres  of  omtallic  sodium,  and  how  many  litres  of  chlorioe 

Am.  0.8422  d.  in.''  of  sodium  and  996,5  litres  of  chloriiM^ 

G.  To  nbat  extf  nt  is  the  solubility  of  common  salt  inftuenoed 
the  temperature  ?     (Fig.  2,  page  108.) 

6.  Given  tbe  specific  heat  of  common  salt  (0.214),  and  the  atoi 
weights  of  it«  elements  (sodium  and  chlorine),  to  Snd  itfi  symbol. 

T.  How  muc!h  carbonate  of  soda  can  be  mode  from  500 
grammes  of  i.-ommon  salt  'I  How  much  sulphuric  acid  ?  How  mm 
eoal  and  bow  much  chalk  ar«  requited  in  the  process,  according 
the  theory'/ 

Ans.  453  kilos,  of  NaCO,,  418.8  kilos,  of  i/,50,,  205  kjk».  of 
andfi98.2of  CaCO.. 

8.  What  relation  ought  the  price  of  orj'Btallized  carbonata  of  soi 
to  bear  to  that  of  the  dry  salt,  if  the  intrinuc  value  is  alone  conai 
ered?  Acs.  Price  of  dry  salt  2. T  of  crystallised. 

9.  In  order  to  convert  ten  kilngramroes  of  crystallized  sodic 
bonate  into  acid  carbonate,  what  volume  of  CO,  will  be  absorbed? 

Ans.   780.3  litrei. 

10.  What  is  the  dilTerence  between  tbe  two  sodic  carbonkteOt  i 
what  is  the  reason  for  tbe  name  acid  carbouate  7     (36). 

11.  What  volume  of  CO,  can  be  obtained  Irom  S.79  granune 
acid  sodic  carbonate  ?     [9S].  Ana.  1  litre. 

12.  The  sj-mbol  of  sodic  hydrate  maybe  written  Na-O-tJ, 
Na-Ho,  or  {NaO)-lI,  and  to  what  three  poswble  views  of  lU  con 
tution  do  these  symbols  correspond  ?  [70]  (235).  Why  should 
radicals  HO  or  NaO  be  monads,  and  what  advantage  wonid 
gained  by  writing  the  svmbol  in  one  way  or  tbe  other?  (22)  ] 
<JS). 

13.  Why  does  calcic  hyiirate,  a  comparatively  weak  base, 
pose  sodic  carbonate?     (21)  (32). 

14.  A  solution  of  caustic  soda  was  exactly  neutralized  by  O.i 
of  a  gramme  of  crystallised  oxalic  acid  (tfo,-C,<^, .  2W,0).  W 
weight  of  sodium  does  it  contain?  Ans.  0.230  of  agT4mlH 

15.  In  what  different  ways  may  yon  write  the  symbol  of  poUl 
nitrate?  Illustrate  by  diagrams  like  those  of  (34).  State  W. 
rules  must  be  followed  in  grouping  the  atoms.     (32,  23,  34,  Md  f 

Ana.  K-NO„  KO-iVO,,  or  K-O-XOf 
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16.  What  oondnnons  may  be  drawn  in  regard  to  the  distribution 
of  the  foluble  nits  of  sodium  and  potassium  based  on  the  nature  of 
the  plants  from  which  they  are  obtained  ? 

1 7.  On  what  relations  of  solubility  does  the  process  of  purifying 
potassic  carbonate  depend  ? 

18.  If  in  a  chemical  process  potassic  or  sodic  carbonates  may  be 
used  indifferently,  what  relation  ought  their  prices  to  bear  to  each 
other  in  order  that  they  may  be  used  with  equal  profit  ? 

Ans.  138  :  106. 

19.  Analyze  equations  [100, 101,  102,  103],  and  show  that  the 
Tarious  symbols  are  written  in  conformity  to  the  rules  referred  to 
above,  No.  15. 

20.  If  a  saturated  solution  of  nitre  is  made  at  38®,  and  subse- 
quently cooled  to  10®,  what  proportion  of  the  salt  will  crystallize 
out  ?     (Fig.  2.)  Ans.  Two  thirds. 

21.  The  difference  between  the  two  kinds  of  soap  corresponds  to 
what  difference  of  properties  between  sodic  and  potassic  carbonate  ? 

Ans.  The  one  effloresces  and  the  other  deliquesces  in  the  air. 

22.  Draw  diagrams  illustrating  the  constitution  of  the  different 
potasnc  oxides.    (34.) 

23.  Why  would  not  the  salts  of  sodium  be  precipitated  by  the 
same  reagents  used  in  [104  and  105]  ?  Apply  the  same  principle  to 
the  interpretation  of  the  other  reactions  of  this  section. 


Division  IV. 

139.  SILVER,  ^y  =  108.  —  Monad.  Fonnd  in 
quantilies  in  nature,  cliiefiy  in  the  melallic  state,  or  in 
bination  with  chlorine,  sulptiur,  arsenic,  or  ontimoQf. 

140.  Metallic  SiVuer.    A^-Ar/f  —  ^.  Gr.  10.474. 
at  about  1,000°.     Tlie  principal  ores  are 

Native  Silver  Ag-Ag, 

Horn  Silver  Ag(^ 

Silver  Glance  ■Ag-.S, 

Light-red  Silver  Ore  (Proustite)  {Ag^^Ai^ 

Dark-red  Silver  Ore  (Pyrargyrite)  {AgS)^^. 

Theee  ores  are  found  ciiieily  in  mineral  veins  either  by  t 
selvos  or  o&Bociated  with  ores  of  lead  and  copper,  wilh  ^ 
they  itre  frequently  Binelled,  and  tbc  eilvi^r  Bubsequenlly  i 
rated  hoia.  the  regulus  thus  obtained.  Silver  does  not  ox 
wlien  heated  in  contact  with  the  air,  and  for  this  reas 
readily  separated  fj'om  lead  in  the  proccEs  of  eupellation. 


xAg^  .  yPh  -\ 


0-0  =  xAg-Ag  +  ylViO.      [IW 


The  cupel  furnace  is  so  arranged  that  the  melted  lilhai^  (. 
runs  off  as  fast  aa  formed,  and  leaves  the  silver  pure.     MelU 
silver  can  dissolve  about  twenly-two  times  its  volume  of  o 
gen  gas;  but  the  gas  Is  given  off,  in  great  measure,  when  i 
metal  solidifies. 

141.  Argentic  i^ilrate.  AgNO^ — The  mo't  important  B 
ubie  salt  of  silver.  Obtained  by  dissolving  silvL-r  in  dilute  4 
trie  acid. 

tAg-Ag  +  i^HNO,  +  ^5)  = 

{^AgNO,  4-  iH^O  +  Aq)  +  2363®.  ycj 

White  crystalline  solid  which  mella  at  210°.     Fused  I 
called  lunar  caustic,  and  is  mOch  used  in  surgery  as  a  cailt 
Argentic  nitrate,  although  not  changed  by  the  light  when  ]* 
is  readily  decomposed  when  in  contact  with  organic  a 
the  bkck  stain  of  metallic  silver  thus  formed  cannot  be  n 
by  washing.     Ilence  its  application  for  making  hair  i 
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tsdeBble  ink.  It  is  also  ueed  in  large  quantities  in  the  art  of 
pbolograplijr. 

H2.  Atyentie  Chloride.  AgCl  —  White  crystalline  solid 
(Pig.  7).  Melts  at  about  260°,  and  on  cooling  forma  a  boniy 
Mcdle  mass,  whence  tlie  mineralogieal  name,  horn  silver.  Pre- 
pared by  adding  to  a  solution  of  argentic  nitrate  aay  soluble 
cUoride. 

{AgNOt+Naa  +  Aq)  =  \^\-\-{NaNO,^Aq).  [108] 
Wo  thus  obtain  a  while  curdy  precipitate,  wbicb  is  insoluble  in 
water  and  acids,  but  soluble  in  ammonia,  in  pota^sic  cyanide, 
snd  in  sodic  hyposulphite.  Owing  to  a  partial  reduction,  the 
vbiw  powder  blackena  in  the  ligbl,  especially  in  the  presence 
rf  organic  matter  and  an  excess  of  argentic  nitrate.  On  this 
property  is  based  the  ordinary  process  of  photographic  printing, 
'Xn  twotact  with  dilute  acida,  argentic  chloride  is  very  readily 
'    '       'by  metallic  zinc. 

iAffCl+  Zn^ZnCk-\-Ag^.  [109] 

It  may  also  be  reduced  by  hydrogen  or  hydrocarbon  gas  passed 
over  the  chloride  in  a  healed  tube. 

2As€l  +  mm  =  Ag-Ag  +  231;gi.      [110] 
■In  the  process  of  electro-plating,  argentic  chloride,  dissolved  in 
aqueous  solution  of  polassic  cyanide,  is  decomposed  by  the 
«|ectric  cnrrcnL     (91). 

143.  Argtrdie  Bromide,  AgBr,  and  Argentic  Iodide,  Agl, 
RMmble  argentic  chloride,  and  are  fdrmed  in  a  similar  way. 
last,  however,  has  a  yellow  color,  and  is  insoluble  in  am- 
ia.  In  presence  of  an  excess  of  argentic  nitrate,  and  after 
esposuro  to  light,  they  are  at  once  reduced  to  ibe  metallic  state 
\rf  solution  of  ferrous  sulphate.  Before  exposure  (he  reduction 
takes  place  very  slowly,  and  on  this  reaction  is  based  the  art 
rf  pbotography.  The  steps  of  Ibe  process  are:  1.  Spreading 
orer  a  glass  plate  a  film  of  collodion,  holding  in  solution  a  mix- 
fm  of  metallic  bromides  and  iodides;  3.  Immersing  the  cORled 
plate  in  a  solution  of  argentic  nitrate  until  a  mixture  of  argen- 
tic bromide  and  iodide  is  formed  in  the  film ;  3.  Exposing  the 
to  light  in  tbe  camera,  where  ibe  image  formed  by  a  lens 
itpuo  it  i  A.  Developing  tbe  latent  im^ge  by  a  solution  of 
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ferrous  fiolpliate ;  5.  XMssolving  out  the  uuderoinpoaed  tiM 
taXl  by  a  solution  of  sodic  hyposulphite. 

Hi.  Argentic  Oxide.  Aff,0.  Argentic  Peroxide.  . 
—  The  fir.st  is  very  slighdj  soluble  in  witter,  and  the  it 
has  an  allialicie  reaction. 

145.  Cliaracterittic  Tfstt.  —  Most  silver  compounds  majta 
reduced  to  pure  silver  before  the  blow-pipe;  aud  vfheDCTcr 
they  are  brought  into  solution  the  silver  can  be  r«cogiiited  luiii 
the  amount  very  accurately  determined  by  the  rea 
given.  [108].  Silver  is  remarkable  for  forming  anhyc 
salts  i  and  whenever  we  wish  to  determine  the  molecular  w 
of  an  add,  it  is  generally  best  to  analyze  its  Eilver  salL      (6( 


Division  V. 

Ue.     THALLIUM.     7"/ =  204.  —  Usual    quan^val 
one,  but  atomicity  probably  tliree.     A  very  rare  clement,  foa 
in  some  varieties  of  pyrites.     iLs  dside,  Tl,0,  ia  soluble  | 
water,  and  Bbsorbs  carbonic  anhydride  from  the  air.     Its  v 
imparts  a  greon  color  to  the  flame  of  a  Buusea  lamp,  and  e. 
a  single  green  band  in  the  spectroscope. 


147.  GOLD.  -^u=:  197. —  Triad.  Probable  molec 
Byinboi  of  metal,  AusAu.  Almost  always  found  in  the  n 
Slate,  or  only  slightly  alloyed  with  other  meials.  The  c 
well-defined  native  compounds  are  those  with  Telluriui 
Very  sparingly  but  very  widely  diB^cmiuated  through  muiy  a 
iho  crystalline  rocks  and  in  the  alluvium  resulting  from  l" 
disintegration.  In  the  gold-bearing  rocks  the  metal  is  freqin 
(bond  accumulated  to  a  greater  or  leas  extent  in  veins  of  qtu 
(auriferous  quartz).  It  is  also  constantly  assomled  in  i  ' 
quantities  with  other  metallic  ores,  especially  with  those  of  ■ 
Ter,  and  in  some  localities  the  veins  of  iron  and  copper  pyriw"] 
yield  large  amounts  of  the  precious  metal.  It  b  exlrncMJ 
either  by  simple  washing  or  by  bringing  Ihe  finely  puivrriuid 
ore  in  contact  with  meljillic  mercury,  whicli  has  a,  great  afUnitf 
for  gold  and  picks  out  the  minute  {mrlidce  Irom  the  masa  of 
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r«Ai««.  The  process  is  very  simple,  and  the  cost  of  the  product 
'depends,  lo  a  great  est<;iit,  on  ihe  very  large  a:uoimt  of  lualerial 
which  mu^l  be  handled ;  for  gold  ores  do  not  on  the  average 
1  a  few  ounces  of  tniilaf  to  the  ton.  ■  From  the  re- 
sglling  amalgam  the  mercury  is  recovered  by  diaiillaliou,  and 
ibe  rcsidoal  metal  may  then  be  melted  and  cast  into  burs.  The 
:gold  thus  obtained,  liowevur.  is  more  or  less  alloyed,  chiefly 
'with  silver,  and  is  reSned  before  being  uticd  lor  coinage.  Th^ 
'is  best  accomplished  by  disEolving  the  metal  in  aqua-regia, 
>er«poraiiiig  to  dryness  lo  remove  the  excess  of  nitric  acid,  dis- 
•kolTing  ia  a  large  volume  of  water,  and  precipitating  the  gold 
with  ferrous  sulphate.  Lastly,  the  precipitate  is  collected  and 
■ncltnl  under  borax.  If  ihu  proportion  of  alloy  is  very  large, 
joved  by  boihug  the  metal  with  nitric  or  sulphuric 
1  nitiic  acid  is  u.sed  for  parting  gold  from  silver, 
1  is  not  complete  when  the  amount  of  gold  is 
i  fourth  of  the  weight  of  the  alloy ;  and  since  ia 
Met  cases  the  alloy  must  be  first  reduced  to  this  proportion, 
he  process  is  called  quartation.  When  sulphuric  acid  is  used, 
be  amotiDl  of  gold  must  not  exceed  one  fifth. 

Gold  has  been  called  the  king  of  melnis :  for  it  not  only  poB- 
eases  the  qualities  distinguishing  a  metal  in  their  highest  per- 
IWction,  but  also,  under  all  ordinary  conditions,  preserves  its 
illiiuit  lustre  unimpaired,  With  the  exception  of  platinum, 
{ridiam,  and  osmium,  gold  is  the  deu'^est  solid  known ;  Sp.  Or. 
19.34.  Il  may  be  drawn  into  wire  of  such  fineness  that  three 
Jdlomolres  only  weigh  a  single  gramme,  and  may  be  beaten 
ioto  leaves  not  more  than  one  ten -thousandth  of  a.  millimetre 
lUck.  Gold  hiia  a  fnmiliar  yellow  rolor,  but  thin  leaves  trans- 
Btit  K  green  light.  It  has  been  found  that  an  cxeeedinnly  thin 
IIb  of  gold  attached  to  the  surface  of  a  glass  plale,  and  heated 
to  a  temperature  not  exceeding  315%  loses  its  metallic  lustre 
I  appears  ruby-red  by  transmitted  li^ht ;  and  finely  divided 
gdidt  when  suspended  in  water  or  melted  into  glass,  imparts  to 
' «  medium  tlie  same  beautiful  color.  Gold  is  nearly  as  sofl  as 
lead,  and  pieces  of  pure  gold  may  be  welded  together  without 
*  Ettt  by  pressure  or  concussion,  as  in  dentistry.  In  order  lo 
iCKas«  ila  hardness  it  ifl  alloyed  with  copper.  The  aiandard 
geU  £if  both  Ihe  United  States  and  the  French  coinage  t^ontaiiu 
a  leath  copper,  that  of  the  English  one  tweldh  of  the  sacoe 
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alloj.     Gold  melU  at  about  1,100°.     It  u  only  sQgbO; 

nt  ibe  Ligliesl  furnace  bcal ;  boi  before  tlie  compouiatl  htsFfij 

it  is  iliepersed  in  purple  vapor.     It  i^  aii  exc«Ui!iit 

heat  nod  ekctridty,  but  is  inferior  in  tliia  respect  both  Udl 

and  copper. 

Gold  is  not  dissolveil  by  any  ofllie  common  AcidAiUidii 
attacked  by  llie  fused  caustic  aikalied.  It,  tntors,  bowenr.i 
dirMit  uniuu  boib  witli  chlorine  and  bromine,  and  is  readllf ' 
solved  by  any  liquid  niixiure  wLIcli  liberates  chlorine.  Tben 
solvent  is  u  mixture  of  ibnr  ports  of  hydrochloric  acid  wilK 
of  nitric  acid,  culleil,  oa  account  of  its  power  of  diasohing  § 
aqua-ivgio. 

juUu  -I-  {2/mo,  +  ana  +  Aif)  = 

{iAu(\-\-  in^o  +  Aq)  +  2WD,  [I 

When  gold  ia  dissolved  in  aqaa-regia,  if  hydrochlorio  to 
used  in  exeess,  the  aolution,  evaporated  ai  a  gentle  beat)  yi< 
yeSov)  need  It -shaped  crystals,  which  appear  to  Ui  ■  n 
compouni]  of  ■duCV,  with  UC'l.     If,  however,  the  ev: 
is  puahed  btill  further,  but  at  a  Icropernture  nut  esri!edin|f  1 
a  red  cry«tulline  mass  is  obtained,  which  is  eSM-niially 
CMoriile.  AuCl»  allbougb  it  is  difticiill  U>  expel  the  tut 
of  HCl  wiihout  still  further  decompOi<ing  the  euJk    IT  tU 
duct  is  healed  above  160"  it  loses  two  atoms  of  cUocin^ 
there  is  left  a  pale-yellow,  sparingly  soluble  pow^, 
Aurom  Chhride,  AuCl,  and  nt  200°  this  1u;l  ia  nlao  4l 
po=ed  and  reduced  lo  metallic  gold.     Auric  chloridio  h 
i^uescent,  and  yields  an  omngenwlored  wliilioo  i-asil/  di 
pniflhed  from  the  solution  of  Au  O, .  IfCt,  which  b  yellow. 
al*o  forms  yellow  crystalline  salts  with  tiie  alkaline  ekki 
■imilar  in  con'titmion  to  the  compounds  with  JfCL     Thar 
roulas  are  A»Ck.  KCt-^I^O,  and  AuCi,.  iVaa-iff^OL 
like  tnaiiner  it  unites  with  nmmonic  chloride  ami  with  ibe 
rides  of  most  of  llie  organic  base*,  forming  wystoUiM^Ua 
which  are  often  employed  lo  determine  tho  moIccuUr 
these  alkaloids.     Anric  chloride  is  a  Tcry  unstable  ( 
Aoi]  is  readily  redupfrd  lo  the  metallic  elate.     SoIotjoM 
reus  lulpliaic,  of  antimoniouA  chluriilb  of  oxalic  nd^ 
sulphunma  add,  all   precipiuio  tho  ful'I  in  ■  ftnol; 
state.     Phusphorous  and  liypophowpbonius  add  ud 


ihcir  salts  produca  the  same  efiect,  ns  do  also  phosphorua  il- 

iratid  many  of  tlie  metals.     The  brown  gold  powder  ibua  ob- 

''teined  b  much  used  for  gilding  porcelmn.     A  Bolution  of  slan- 

taous  chloride  mixed  with  stannic  cblorjde  produces  in  neutral 

Solution  of  auric  chloride  a  beautiful  purple  precipitate  called 

'Urpk  of  Cn^iu«,  which  is  mucli  used  for  coloring  glui^a  aud 

rlain.     The  compound  contuina  both  gold  and  tin  combined 

ith  oxj'gea,  but  its  chemical  coUBtitution  is  still  in  question. 

[«ttllic  tin  sivea  a  eimilar  precipitate.     Tliere  appear  to  be 

*Wu  iodides  of  gold,  Ju/and  Auf,,  but  only  one  bromide,  AuBr^ 

'^Ma  been  described.     There  are  also  two  oxides,  Au^O^  and 

-4u,0.    The  Br^t  acU  aa  an  acid,  (he  second  as  a  very  feeble 

^Misic  anhydride.     The  following  reactions  illustrate  the  forma- 

ttoa  and  relations  of  these  compounds. 

(Aia  +  UC-0-H+Ai)  = 

{K^OfAu-\-SKa-\-ZH.,0-\-Aq).  [112] 

KfOfAu  +  ZH-0-(JJI^O  +  Aq)  = 

H^-O^Au-\-{,^K-OC.,ff^O-\-Aq).  [113] 
2HfO^Aa  =  Au^Oi  +  311,0.  [lU] 

ffbtun  these  reactions,  the  solution  ofJuC^/s  should  be  boiled 
the  addition  o(  K-  0-If  and  then  acidified  with  acetic  acid, 
precipitate  thus  obtained  has,  when  dried,  ibe  composition 
vtAUrOr  The  compound  Au^O  ia  obtained  as  an  insoluble  vi- 
powder  by  digesting  Au  CI  with  a  solution  of  caustic  alkali. 
Cl-{-22fa'0-JI-\-Ai})^ 

J«,0+(2Jraa-|-Zr,0  +  ^7).  [115] 

1  doM  not  enter  into  direct  combination  with  acids,  but  there 
i  Ml  hy{>oaulpbite  of  gold  and  sodium  which  plays  an  impor- 
mt  part  in  photography,  and  appears  to  have  the  formula 
\iiJfa'0,'{S'0-S).  Singularly,  however,  gold  is  not  precipi- 
ll«d  from  tlie  solution  of  this  salt  by  the  ordinary  reagents. 
Iiere  «re  two  sulphides  of  gold.  Au^S,  and  Au^S.  The  first 
I  precipitated  by  I/jS  from  a  cold  solution  and  the  lost  from  a 
aolnlion  of  Au(.%  by  the  same  reagenL  They  both 
awttrc  in  alkaline  sulphides  and  form  sulphur  salts.  Thus 
w^  4-  (GA--S-ir+  Aq)  = 

{iK^S^Au  4-  Aq)  +  dff,S.  [IIG] 
10"  o 


148.    CharacUristIc  Eeactiom.  —  With   ihe   excCpltoD 
noticed,  gold,  when  in  solution,  can  be  disUiiguislieii  by  iha 
that  it  is  prccipilalcd  by  ferroiu  sulphate,  provided  the  soIuIk 
tJiough  acid,  does  not  coniain  ftn  excess  of  nitric  acid. 

(2J.iC/„  +  &Ft'-0fS0t  +  Ag)  = 

The  formation  of  purple  of  Cassins,  and  the  eof-j  reduction 
all  tilt)  compounds  to  the  metallic  state  by  simple  igiiitioD. 
other  indiiaiiiona  by  which  the  presence  of  gold  may  be  rea 
rei:ognized.     The  reduced  gold,  even  when  in  Sue  powder, 
quires  iis  peculiar  lustre  if  rubbed  against  a  hard  surlaoi!^  t 
the  process  of  burnishing.     Besides  the  important  uses  of 
for  coinage  and  lor  articles  of  ornament  or  luiury,  the  met 
peculiarly  well  adapted,  both  by  its  softness  and  its  power 
resisting  corrosive  agents,  for  its  appliculions  in  dentSstry. 
\i  also  largely  employed  in  the  various  methods  of  gUdt 
which  consists  either  in  directly  applying  thin  gold-leaf  to 
surface  to  be  covered,  or,  when  the  surface  is  metallic,  by 
positing  upon  it  a  thin  film  of  gold  with  the  aid  of  goIvBii 
or  by  the  simple  action  of  chemical  utBnity. 


Questions  and  Problems. 


1.  Given  the  percent^te  i 
Sulphur,  10.39;  Arsenic,  15. 


2    How  mufh  greater 
in  Pjrargjrite? 


iposition  of  Prausl.itc.    Silver,  6< 
Required  the  symbol. 

Ans.  Aff.S,. 
per  cent  of  silver  in  Proustita 
Ans.  5.fi8  per  ceni 

3.  Draw  diagranu  illustrating  the  molecul&T  constitution  of 
different  silver  ores. 

4.  Analyze  reaction  [107],  and  point  out  the  dilTi-Tencc  betw 
it  and  the  dase  of  reactions  of  which  [61]  is  the  Irpo. 

5.  If  a  civen  mass  of  argentilerons  lead  contnins  three  fbnrthi 
one  per  cent  of  silver,  how  many  kilogrammes  of  litbarge  will 
made  in  the  process  of  cupelhttion  to  each  kilogramme  of  silver 
tracted,  and  how  many  cubic  metres  of  oxygen  gas  will  be  obMil 
by  the  process? 

Ads.  142.5  kilos,  of  litharge,  and  7.131  oC*  of  ozygto. 
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6.  One  gnunme  of  aQTer  treated  as  indicated  by  [107]  and  [108] 
yielded  1.328  grammes  of  argentic  chloride.  What  is  the  atomie 
weight  of  silver  ?  The  atomic  weight  of  chlorine  is  assumed  to  be 
known,  85.5,  and  also  the  specific  heat  of  argentic  chloride,  0.091. 

Ans.  108. 

7.  One  gramme  of  argentic  chloride  reduced  by  hydrogen  [110] 
yielded  0.7526  of  a  gramme  of  silver.  What  is  the  atomic  weight 
of  ttlver  ?    The  same  yalues  are  assumed  as  in  the  last  problem. 

Ans.  108. 

8.  One  gramme  of  argentic  oxalate  yields  when  heated  0.7105  of 
a  gramme  of  silver.  We  have  reason  to  believe  that  oxalic  acid  is 
bibasic     What  is  its  molecular  weight?    (68).  Ans.  90. 

9.  Write  the  reactions  of  sulphurous  acid  and  of  oxalic  acid  on 
•olotion  of  auric  chloride,  assuming  that  sulphuric  acid  in  one  case, 
and  CO^  in  the  other,  are  a  part  of  the  products. 

10.  What  evidence  do  you  find  of  the  quantivalence  of  gold  in  the 
above  sections  ? 

11.  Does  gold  act  as  an  acid  or  a  basic  radical  ? 

1 2.  What  is  the  chief  chemical  characteristic  of  gold  ? 

13.  There  has  been  a  question  about  the  cause  of  the  color  which 
pnrple  of  Cassius  imparts  to  glass  and  porcelain  glaze.  Do  the  &ctB 
stated  above  explain  this  phenomenon  ? 


Division  VU. 

149.  BORON.  5=  11.  — Triad.  Very  sparingly  distn> 
tiled.  Always  found  in  combination  with  oxygen.  In  lioric  onl 
and  in  various  borates,  including  the  minerals  Daiholite  ud 
Dauburile,  boron  ia  llie  electro- negative  element,  while  in  Aii- 
nite  and  Tourmaline,  and  in  many  artiScial  shIIis  it  nets  tlie  pait 
of  a  basic  radical.  The  elementary  substance  (B-B?)  awy  be 
obtained  bolli  in  on  amorphous  and  a  crystalline  form.  The 
first  is  obtained  by  decomposing  boric  anhydride  with  sodiuin- 

n,0,  +  S2fa-Na  =  3iVa,0  +  B^B.  \\\S\ 

It  is  an  infitsible  dark-brown  powder,  which  soils  the  fiogen 
and  diasolvea  sliglilly  in  water.  At  about  300°  it  takes  fire  ia 
the  airiind  burns  into  B^Oj,  and  it  is  also  oxidized  when  beaud 
with  sulphuric  acid  or  with  the  ulkaline  nitrates,  sulphates,  cu- 
bonates,  or  hydi-ates.  It  decomposes  nitric  acid  even  when 
■lightly  concentrated  and  cold. 

B-'B  +  ZHiO^SO^  =  i?aO,  +  3ff,0  -1-  ZSO,  [U9] 

B-'B-\-  ^KN0,=  iK^OiB-\-  G^'O*         [120] 

Boron  is  one  of  the  very  few  elements  which  unite  directly  wilb 
nitrogen. 

BB  -|-  N''N=  iB'-N.  [ISl] 

If  amorphous  boron  is  healed  intensely  ia  a  dosed  <nieibli>.,  h 
becomes  much  denser,  and  is  then  less  easily  oxidized.  It  if* 
solves  in  mulled  aluminum,  nnd  when  the  molten  meial  seis,lbt 
boron  crystallizes  in  quadratic  octoliedrons  {~'t)  more  or  la> 
highly  niodilied.  These  crystals  are  nearly  as  htird  as  the  di^ 
mond,  have  an  adamantine  lustre,  and  Sp.  Gr.  =  2.68.  Thi^ 
may  also  be  obtained  directly  from  boric  anhydride,  whicli  b 
decomposed  by  aluminum. 


\_Al,}  -i-B,03  =  [ jy  0,  +  B^B. 


im 


The  crystals  thus  prepared  are  sometime*  nearly  colorlw 
but  more  frequently  Ibey  have  a  yellow  or  red  color, 
times  the  color  ia  eo  deep  that  they  appear  black.    Tbe/ri 


proWiIjf  never  wlioUy  pure,  and  it  is  worthy  of  rcraark  tbat 
thej  uunetime^,  if  not  always,  cootain  a  considerable  quantity 
tf  cubon.  Tbey  resist  tlie  action  of  all  acida,  and  even  of  fused 
litK,  but  are  oxidized  wben  fused  with  acid  polossic  sulphate. 
Itifipenr:^,  from  recent  in  vest  igat  ions,  iliat  the  8o-«illed  graphi- 
toidii  lioron,  which  is  formed  wiili  the  crystaU  Jusl  mciitioued, 
Ha  compouDd  of  aluminum  and  boron. 

150.  Sorie  Add.  H^O^B.  —  A  product  of  volcanic  action. 
Found  in  some  natural  waters,  and  lias  l)een  deteelod  in  the 
Iters  of  the  ocean.  It  is  collocteil  in  large  quantities,  but  in 
I  impure  condition,  from  the  hot  vapors  of  the  '■'J'umerolla'' 
the  Maremma  of  Tusiany.  The  pure  acid  is  Ijest  prepared 
on  borax  by  the  reaction 


'B,0, 


Af/).  [128] 


!he  liydrochloric  acid  should  be  mixed  with  a  hot  saturated  so- 
idon  of  borax,  which  as  it  cools  deposits  boric  acid  in  white 
ftcreous  crystalline  scales.  Boric  auid  is  sparingly  ±,oIuble 
I  c(^  water,  but  dissolves  in  three  times  its  weight  of  boiling 
:  It  is  nifo  eolubie  in  alcohol,  and  imparts  to  the  flame 
r  bttrning  alcohol  a  peculiar  green  tint,  which  exliibita.in  the 
pecuwoope  five  well-marked  green  bands.  The  solution  both 
water  and  in  alcohol  cannot  be  evaporated  without  loss,  aa 
lue  vapor  always  takes  witli  it  aa  appreciable  amount  of  the 
The  solution  evaporated  on  turmeric  paper  changes  the 
Dior  to  brown,  like  an  alkali,  but  it  affects  litmus  paper  like 
Iher  weak  acids.  At  the  temperature  of  IOC  it  loses  one 
torn  of  water. 

HiOiBi=  H-O'BO  -\-  n.,0.  [124] 

M  eomponnd  fl^O^B  is  called  orlhoboric  acid.  The  pro- 
et  H-OBO  is  frequently  described  as  the  first  anhydride  of 
a  acid,  and  is  called  metaborio  acid.  If  this  is  heated  to  a 
Q  higher  temperature  two  molecules  unite,  while  at  the  same 
M  tbey  lose  another  atom  of  water,  forming  the  second  and 
(  anhydride,  boric  anhydride. 

2H-0-B0  =  R,0,  +  B^O.  [125] 

a  rod  beat  B,0^  fuses  to  n  viscid  gloss,  wliich  remains  clear 
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u  it  cooIb,  but  soon  becomes  opaqae  and  crumbles  if 
to  t)ie  tiir.  It  aisn  Tonns  fusible  compounds  with  the  met 
oxides.  Henc«  the  use  of  boric  acid  and  the  bortiles  tu  flni 
151.  Boratet.  —  It  is  evident  from  ibe  principles  of  (J 
that,  boaidea  ortboboric  acid,  man;  otbcrs  are  ibeoreticall^  p 
Bible.     Thus :  — 


Boric  Acid 

Diboric  Acid 
Triboric  Acid 
Tetraboric  Acid 
Polj-boric  Acid 


JI^iO^iB-O-B), 
JJ,iOj{B-0'B-0'B), 
II„l  Oi{B-  OB'  O-B-O-'b), 
K^O^^^iB.O,.',).^ 


Theae  muy  be  regarded  as  formed  by  the  coalescing  of  si 
oral  molecules  of  orihoboric  acid,  and  Ibe  elimination  from  t 
condensed  molecule  of  a  sufficient  number  of  inolecnlM  of  w 
to  set  free  the  number  of  oxygen  atouis  required  to  ocmeit 
gether  the  atoms  of  boron  in  the  resulting  radical.  By  ell 
Dating  additional  molecules  of  water,  we  may  obltuo  from  etl 
of  Ibe  above  aeids  a  series  of  anhydrides  (diiitinguiBhed  M 
first,  second,  &.C.,  anhydrides),  and  the  number  of  posHble 
hydrides  in  imy  ease  is  equal  to  the  number  of  pairs  if  Ii 
gen  nioms  nhich  the  acid  contains-  It  must  be  understood  I 
all  lliese  pos^'ible  forms  are  not  real  compounds.  Indpcd.  c 
the  three  already  mentioned  have  been  actually  prep'iredi 
there  are  several  borates  whose  consiitution  is  best  expl  ' 
when  we  regard  them  as  sal's  of  acids  derived  from  onhobfi 
acid  in  the  way  just  indicoted.  The  most  important 
is  common  boras,  which  may  be  regnrdeu  as  the  sodium  aalll 
the  second  anhydride  of  tetrubotic  acid. 

152.  Borax,  yas^0/{B^O-/B-O-B--0,^B)  .lOff^O.  v 
inaliy  brought  from  a  salt  lake  in  Thibet,  and  wa?  called  TIni 
It  a^o  occurs  in  large  crystals  in  liie  mud  of  Boras  liiilt*^ 
California,  and  it  has  been  found  in  solution  in  many  miM 
springs,  and  even  in  minute  quantities  in  the  ocean.  Is  K 
nfaciured  in  large  qiiantilies  from  the  crude  boric  aeid  of 
Tuscan  lagoons.  While  cryslallinc  salt,  which  when  hei 
gives  up  its  water  of  crystallization.  At  n  red  heat  melu  [ 
trausparent  glass,  which  has  the  properly  of  diasolviog  a 


lO  the  metallic  oxides.  Many  of  them  impart  to  the  gloss 
■bracteriilic  colitra ;  and  these  reactions,  which  ore  readily  ob- 
Viaei  willi  a  small  bead  of  borax  8U|iported  by  a  loop  or  plat- 
ium  wire,  are  useful  blow-pipe  tests.  It  is  also  used  for  solder- 
bf  nela)^,  for  making  enamels,  for  firing  colors  on  porcelain, 
L  flux  id  various  metallurgical  processes.  Tlie  ordinary 
contain  as  above  10//,O,  and  belong  to  the  monoclinic 
Item  ;  bnt  the  salt  can  be  crystallized  with  only  off^O  in  oc- 

Irons  belonging  to  the  isometric  system. 
153.   Soric  Chluride,  BCl^  can  be  obtained  by  passing  clilo- 
ic  gas  over  an  intimate  mixture  of  BjO^  and  carbon,  heated 
a  red  heat  in  a  porcelain  retort. 

^0,  +  3C  +  3C/-CT  =  3CO+2-BC7^      [126] 

Et  Is  a  very  rolatile  liquid  {Sp.  Gr.  1.35  at  7°).  boiling  at  17°, 
nS  jieldiog  a  den?e  vapor  whose  Sp.  Gr.,  as  found  by  experi- 
is  SC.80;  chiefly  intt-resting  as  establishing  the  quanli- 
e  of  boron.     It  i^  at  once  decomposed  by  ivaler. 


BClt  +  3Jf,0  =  ffs^0^^B-\-3HCt. 


[127] 


154.   &>ric  Bromide,  BBr„  prcpiireii  like  the  chloride,  is  a 
le  liquid  (i^.  Gr.  2.G9),  boiling  at  90°,  and  giving  a  vapor 
loee  Sp.  Gr.  baa  been  found  by  ejperiment  equal  to  12G.8. 
eoompoeed  by  water  like  the  chloride. 

IfiS.    Boric  Fiuoridt,  BF^  is  best  prepared   by   intensely 
■  ig  B  mixture  of  BiO-,  and  fluor-spar. 

2B,0,4-3Cbfi,=  C«,iO„IA+2_BF3.       [128] 

,  oolorless  gas,  whose  Sp.  Gr.  has  been  found  by  experiment 
jnal  to  S4.2.  This  gas  is  eagerly  absorbed  by  water,  which 
■«olres  seven  hundred  times  its  volume  and  forms  a  corrosive 
id  liquid  called  horofiuorie  acid,  whose  constitution  is  not  well 
idpratood.  If  its  composition  is  that  usually  assigned  to  it,  its 
rmation  will  be  expressed  by  the  ri 


2BF,  -f  3H.,0  =  B,0, .  6/W 


[129] 


ic  same  compound  may  \>e  also  prepared  by  di^^olving  BtO^ 
BF-^  Aq,  nnd  then  concentrating  the  solution. 
If  Iwrofluoric  acid  is  largely  diluted  with  water,  one  fourth 
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of  the  boron  separut«9  in  the  form  of  boric  acid,  and  there  ialm 
led  iu  solution  what  has  been  culled  li^iIroHnoboric  acid. 

(i(_B,0,.  e,HF)  -\-  A<j)  =^ 

Hy droll uoborii!  acid  forms  sails  with  bnsio  radicals,  aod  I 
compound  wiih  potaBsiuio  may  l)e  formed  by  the  action  of  b« 
acid  on  u  dilute  t^olution  ofiMlasBic  fluoride. 

(SA'f  4-  %}yO^B-\-Aq)  =: 

2(^KF.BF^)  +  (eA'0-//+ Jy).  [iJ 

156.  Characterittic  Reactioru.  —  The  peculiar  gi«eo  c 
which  boric  acid  imparts  to  an  alcohol  or  blow-pijw  flame  ii 
best  indication  of  its  presence,  and  this  lest  is  made  still  n 
decisive  by  anulyzing  the  colored  light  wilh  the  spectrosco 
The  arid,  however,  must  first  be  set  free  before  the  reactioa 
can  be  obtuiued.  In  many  of  its  relations  boron  resembles 
carbon. 


Questions  and  Problems 

1.  Write  the  reactjon  of  sulphuric  acid  on  eolution  of  borax. 

2.  What  test  can  be  npjJieJ  to  cielermine  when  an  excess  of  ful- 
pburic  acid  has  been  added? 

a  an  ortho  acid,  regarding  OTtboborie  acid  as  a  type  of 


the  class. 


s  possible  ile> 


5.  The  pmpirical  symbol  of  boracite  is  Mff^O,,!!,.  AVhnl  is  lU  ra- 
tional Bjmbol,  and  what  is  its  relation  to  Ibe  oriho-borates? 

6.  Boric  sulphide,  B^S,,  may  be  prepared  by  passing  over  a  nnx- 
tore  of  carbon  and  boric  anhyHriile  the  vapor  of  carbonic  vulpbidek 
CSf     The  products  are  2B,S,  and  6C0.     Write  the  reaction. 

7.  Boric  aulpbide  is  readily  decomposed  by  water,  giving  baric 
acid  and  sulphuretted  hydrogen.     Write  the  reaction. 

8.  In  reaction  [136]  what  double  aiEnitJes  are  called  into  play? 

9.  In  what  respect  do  you  find  reaction  [131]  remarkable? 

1 0.  What  evidence  do  you  And  of  the  prevailing  qtiantivalsnes  rf 
boron  V     Are  there  any  taule  wbiub  would  inclli^ulc  that  l^oiva  k  ■ 


lias.] 
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157.  NITEOGEN.  iV^=  14.  — Penlad,  but  as  frequently 
trivsient  or  univaletit.  Chief  coustitiient  of  the  atmoaphere; 
but  to  lliie  an<l  the  maleriala  of  organized  beiogs  it  is  almost 
exclusively  coufinetl.  It  Is  the  cbaracterii^tic  ingredient  ofani- 
\  litoUe«,  which  are  composed  mainly  of  the  four  elements 
carbon,  hydrogea,  oxygen,  and  nitrogen.  Vegetable  tiiiaiie^,  on 
llw  other  band,  conei«t  i-hieRy  of  only  the  first  tbree  of  these 
cdemeuta ;  but  nitrogen  is  never  entirely  absrat  from  pUnLs  and 
essential  ingredient  of  many  important  vegeiable  products, 
at,  for  example,  of  the  albuminoid  compounds  and  of  the  vege> 
ible  alkaloids  Nitrogen  is  marked  by  weak  affinities,  and 
Mce  its  compounds  are  usually  unstable,  as  is  illustrated  by 
ite  well-known  tendency  of  animal  substance  to  decay. 

58.  yitrogen  Gat,  JVIiV,  constitutes  four  fifths  of  the  vol- 
s  of  the  almosphere,  and  can  be  obtained  in  a  pure  coodi- 
tioa. — First,  by  slowly  or  rajiidly  burning  [iliosphorus  in  aeon* 
led  volume  of  air.  Secondly,  by  passing  air  over  ignited 
popper-turnings,  which  combine  with  the  oxygen.  Thirdly,  by 
passing  chlorine  gas  through  a  solutioo  of  ammooiii,  — 

[6ff,y-\-Aq)-\-dChci=  {6ff,Nci -\- jq) -i- my.  [132] 

'ourtbly,  by  heating  aramonie  nitrite  or  a  mixture  of  polassio 
iirile  and  ammonic  chloride, — 

{H,K)-0-NO  z=  m^O  +  NiN.  [133] 

KO-XO  -j-  {HJf)Cl  =  KCl-\-  2H^0  +  NlN.  [134] 

Nilrogen  gas  has  never  been  eondensed  to  a  liquid  condition. 
According  to  Begnauli.  one  litre  of  nitrogen  gas,  under  standard 
editions,  weighs  1.256167  gramme.';.  It  is  remarkable  for  its 
inertness,  and  one  of  its  chief  offices  in  the  atmosphere  is  lo 
moderate  the  action  of  its  violent  associate.  The  only  element- 
KTj  suhsttthcea  with  which  it  directly  combines  are  boron  and 
tbaiiium.  Nevertheless,  nitrogen  has  a  great  capacity  for  com- 
kinatiun,  and  is  dbiinguisbed  by  the  large  number  and  varied 


iu 
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nature  of  its  compouuds;  but  these  can  only  be  formed  by  El 

direct  metbods. 

Oxidei  of  Nitrogen. 
Hiirous  OxiJe  N^O, 

Nitric  Oside  NO,  ^^ 

Nitrous  Anhydride    NOf,         Nitrous  Add    H-O-NO, 
Nitric  Peroxide  NO^,  ^ 

Nitric  Anhydride       N^O^         Nitric  Acid       HONOr^ 

159.  Nitric  Acid.  /f^Oj,  — 'Wheneltctrical  dischargea« 
passed  through  air  which  is  in  contact  with  uaustio  or  c 
nated  allialieB,  or  when  organic  matter  di-cays  in  the  atmosphe 
under  the  same  conditions,  a  partial  union  of  the  elements  of  d 
atmosphere  takes  place,  and  nitrates  of  potasaium,  sodium,  i 
calcium  are  the  usual  resulL  From  either  of  theee  native  ^ 
trates,  or  nitres,  the  acid  may  be  obtained.  It  is  usually  p 
pared  by  distillation  from  a  mixture  of  eodic  nitrate  (127)  ■ 
sulphuric  acid. 

Na-0'N0,+  II^'O^=SOi=II^a-0^'S0j-\-S'O-NOt  [I* 

One  molecule  of  Bulphnric  acid  is  adefjnate  to  deoompose  M 
molecules  of  nitre ;  but  the  temperaiuro  required  is  then  n 
higher,  and  the  nitric  acid  is  in  part  decompoaod.     The  si 
est  acid  thus  prepared  is  a  colorless,  fuming  liquid,  boiling  at  8i 
and  freezing  at  —49°.     Its  Sp.  Gr.  =  1,552  at  20°.     " 
stable,  and  ia  partially  decomposed  when  exposed  to  the  ligbM 


AH-O-NO;  =  iH^O  +  i.NO^  -f  0-0. 


[IW 

Etcid  is  thus  diluted,  while  the  nitric  perotifl 
colors  it  yellow.     A  similar  decomposition  takes  place  duril 
the  distillation  of  the  acid.     This  decomposition  continues  dsI 
the  hydrate  2fiNOs  .  S/f^O  is  formed,  which  Is  far  more  si 
and  dislila  unchanged  at  123°.      This  is  ihe  common  at 
nitric  acid  of  commerce,  but  it 'is  not  a  definite  compound,  d 
composition  varying  wiih  ihe  pressure  under  which  the  a 
distils.     A  still  weaker  acid  is  much  used  in  the  arts  under  tf 
name  of  aqua-forlis.     The  strength  of  the  acid  may  he  i 
mined  from  its  Specific  gravity  by  means  of  tables  prepared  fi 
the  purijose. 


et-  or. 

PwOoat 

Sp.  Gf , 

HNO, 

Sp.  or. 

VtrCnt 

1.500 

92.98 

1.395 

64.17 

1.228 

38.28 

l.*70 

82.71 

1.313 

51.50 

Lies 

2ti.95 

1.435 

73.10 

1.2S9 

45.62 

i.ioa 

17.62 

Nitric  acid  is  one  of  llie  most  corrosive  agents  known.  Wiib 
very  few  escepttons,  it  oxidizes  alt  tlie  elementary  substances, 
wverting  ihem  into  oxides,  acids,  or  nitrates,  as  the  case  may 
B.  In  tbese  reactionB,  as  a  general  rule,  niuic  oxide  is  evolved; 
at  the  products  vary  to  a  certain  extent  wiiU  tfae  conditions  of 
te  experiments,  and  examples  will  be  found  under  the  ditfer- 
11  elements  and  also  in  [107],  [142],  [151],  and  [I5(j].  iUus- 
'  ig  the  different  phases  which  the  reaction  may  assume.  Ni- 
ic  add  corrodes  all  organic  tissues,  oxidizing  them,  and  forming 
vioufl  products,  among  which  the  most  common  are  waier, 
trbonic  acid,  and  oxalic  acid.  When  more  dilute,  it  stains  the 
dti(  wool,  silk,  and  other  albumiDoid  bodies  of  a  biiglit  yellow 
dor.  Very  strong  nitric  acid,  when  mixed  with  strong  sul- 
bnric  acid,  acts  on  some  organic  compoimds  in  a  very  remark- 
ale  way.  It  removes  one  or  more  atoms  of  hydrogon,  iind  sub- 
itaiea  an  equal  number  of  atoms  of  the  radical  NOj  in  their 
lace.     (31). 

C,fl;  +  H'O'lfO^  =  C^H^{NOt)  +  H,0.      [137] 


Ith  the  Tarioos  bases  it  forms  a  lai^e  class  of  important  i^alts. 
the  radical  'u  univalent,  these  salts  have  the  general 

fmbol  R-O-NOf  When  the  radical  is  bivalent,  the  general 
Tmttla  becomes  R'Of{NO^)j,  or  R^O^^N^O^.  Sails  of  these 
are,  in  the  ordinary  use  of  the  term,  the  normal  or  ortho- 
itcs ;  but,  llieoretically,  nitrogen  is  capable  nf  fixing  dve 
tiivalent  radjciils,  and  hence  some  chemists  reganl  the  assumed 
nnpaund  HtiO^iNta  ontioiiilric  acid,  and  $alts  of  that  type  as 
fllioiiitrates.  By  eliminating  fram  this  onhoacid  first  one  and 
l«n  two  molecules  of  water,  we  obtain  the  following  anhydrides, 
le  last  of  which  is  the  ordinary  acid- 

Orthontlric  Acid       ff^W^lTf,       or     JT-ONO.,  .  2/f,0, 
MetMnitrie      "  ff,'0,^I^O,    ot     it-O-NO^.  B,0, 

DimeUuiiirio »  H-O-NO^ 


8&lts  are  kuown  whoec  symbols  maj  be  written  on  all 
Ijpus,  but  they  may  also  be  wriLlen  on  iLe  ordinary  ^rpe 
weU.    Thus 


Such  distinctions  are  of  no  practical  importance,  but  tfaej'  I 
of  value  m  pointing  out  the  many-sided  relations  of  our  subji 
Under  no  condition  does  polassic  hydrate  fumi  more  than  < 
salt  with  nitric  acid,  and  the  important  tbeorelical  bearing 
thb  fact  is  evident. 

160.  Nitric  Anhydridt,  lf,0^  may  be  obtained  by  pass 
dry  chlorine  gas  over  dried  argentic  nitrate  heated  to  95°. 

4JyjyO,  +  2CT-C;  =  4^?CT+2i\r,o,+  Q-O.  [11 

It  ia  a  white  solid,  crystallizing  in  ptisms  of  tbe  fourth 
melliiig  at  29°.5,  and  boiling  at  45'.     Very  unstable, 
spontaneous  decomposition  in  a  sealed  glass  tube.     By  the 
tiou  of  water  it  forms  nitric  acid. 

IGl,  Nitrout  Anhydride.  N,Oy  —  Beat  prepared  by 
action  of  dilute  nitric  acid  (Sp.  Gr.  1.25)  on  etarch.  2a  I 
formed  in  the  following  reactions:  — 

2 A3 -Ag  +  &imO,  —  ^AgNO, -\- N,0,-\-SH, 0.  [1- 

4SS©  +  (fiXD  =  2y,Qr  [1' 

In  ench  caite  browniah-red  fume^  are  formed,  which,  at  a ' 
temperature,  become  condensed  into  a  very  volatile  blue  liq^i 
boiling  at  about  0".  With  a  small  quantity  of  water  it  yii 
nitrous  acid,  H-O-NO,  but  a  large  quantity  at  once  dn 
poses  it. 

ZN.iOt  +  H^O  =  iNO  4-  znjfOjr         p 

Jf  llie  red  vapor  is  passed  into  a  solutiou  of  polassic  hyJj 
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r*  obtain  polasiuc  nitrite,  tutd  in  a  eimilar  way  otlier  nitriles 
lajr  be  made. 
pKOB+A^)-{-J^,0,  =  {2K-0-2fO-^ff,0-\-Aq).  [145] 

ing  to  the  theory  of  the  Inst  section,  ordinary  nitrouB 
id  ia  the  first  anhydride  of  an  assumed  acid,  H^OfN.  This 
auld  be  called  orlbonitrous  acid,  and  the  ordinary  acid  would 
en  be  melanitroos  acid.  The  compouad  PbgiOtlNt,  acconl- 
g  to  Ihia  view,  is  plumbic  oriLoniirite,  but  it  may  be  also  re- 
ifded  M  a  triplumbic  nitrite  of  the  ordioary  type  {Pb-O-Pfr 
■PbyOr-(NO)r 

163.  JVt'frie  Peroxide,  NO^,  is  best  prepared  by  mixing  two 
ilmnea  of  nitric  oxide  with  one  of  oxygen  gas,  both  abiolutdsf 


!}  +  ©=®  =  2 


[146] 


Tie  two  gasM  when  mixed  immediately  combine,  yielding  a 
eep  browni»h-red  yapor,  which,  if  passed  into  perfe:;tly  diy 
ibai  cooled  by  a  freezing  mixture,  ia  condensed  to  a  crystalline 
)lii  This  solid  melts  at  — 9"  to  an  orange-colored  liquid, 
rhiub  boils  at  32°,  but  when  once  melted  it  does  not  freeze 
*en  at  —20°.  The  suK'tance  Is  decomposed  by  water  with 
le  greatest  readiness.  A  mere  trace  of  water  is  sutlicient  to 
rerent  the  formation  of  the  crystals,  occasioning  instead  the 
luction  of  a  green  liquid,  which  appears  to  be  a  Eolutioo  of 
anhydride  in  nitric  acid. 


•  larger 
plac«  of  I 


.mount  of  water  is 
itrous  anhydride,  i 

SjVO,  +  If^O  = 


■  1^,0,. 


[147] 


2HN0.- 


present,  we  obtain  nitric  oxide 
nd  the  equation  becomes 


2ffN0,  -|-  JVO. 


[148] 


t  limilar  way,  when  acted  on  by  metallic  hydrates  and  ba^ic 
kjdridcs,  it  yields  a  mixture  of  nitrate  and  nitrite.     Thus 

iKOff-i-  aiVOj  =  K-O-NO  +  K-OrNO^  + 11,0.  [149] 

Ihrin  peroxide  may  also  be  obtained  by  distilling  plumbic 

iPh-0{{No,)t  ^  zpbo  -f  4Jfo,  +  0-0.    cisqi 
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Owing  to  the  presence  of  a  little  moisture,  n6  first  obtiuil  ll^| 
green  liquid  mentioned  above,  but  lonards  ibe  eud  of  ihfl  pi^| 
ce&s  the  anhydrouB  peroxide  comes  over  nod  may  be  crystaUizi^l 
Nitric  peroxide  a[jpearj  also  lo  be  formed  in  tbe  reaction  ^| 

nitric  Bcid  on  tin,  —  ^M 

&i,  -i-  2QHN0^  =  /fj,O^Sr,,0,  +  5ff,0  +  20NO,;  [isfl 

but  in  Ibis,  as  in  other  reactiona  of  nitric  acid  on  ibe  inet^H 
the  main  product  is  more  or  less  mixed  with  other  oxides  ^H 
nitro^Q.  ^M 

1G3.  Miric  Oxiih,  NO,  is  best  prepared  by  the  actioa  ^H 
dilute  iiili'ic  acid  (^Sp.  Gr.  about  1<2)  on  copper-turn  ings.         ^| 

S Cu  +  ( SffiVO,  •\-Aq)=  ■ 

(3  C«(.VO,),  4-  4/^0  -i-  Aq)  4-  2N0.  [isfl 

The  reaction  appears  to  conBist,  tirsi,  in  a  metathesis  of  tbtJN 
metal  with  the  hydrogen  of  the  acid,  and  secondly,  in  the  rtt>  J 
ductioD  of  a  further  portion  of  the  acid  by  the  hydrogen  tfanfl 
liberated.  In  order  to  obtain  a  pure  product  it  is  importo^l 
that  the  acid  should  be  in  exc«s9.  Nitric  oxide  may  also  ^H 
obtained  perfeclly  pure  by  heating  together  a  mixtare  of  ffl^| 
rous  chloride,  nitre,  and  hydrochloric  acid.  ^| 

(6^<CI, -1-  IKNO^  +  8/7CT  -\-Aq)=  J 

(3[iT;  j  CT„  +  SA'CZ  +  4^,0)  -|-  INO.  [IS» 

A  mixture  of  ferrous  sulphate,  nitre,  and  dilute  sulphiirio  tt^^| 
{Sp.  Gr,  1,18)  may  also  be  used.  ^H 

Nitric  oxide  is  a  colorless  permanent  gas  (Sp.  Gr.  =;  I^H 
but  slightly  soluble  in  water  fone  volume  of  water  dissolTsH 
one  twentieth  of  a  volume  of  NO).  It  extinguishes  a  bnmloa 
candle,  but  both  pho.spborus  and  charcronl,  if  burning  vigot<oa^^| 
continue  to  bum,  and  with  great  intensity;,  when  plunged  ia^| 
the  ^*.  It  is  the  most  stable  of  ihe  oxides  of  nitrogen,  uid^| 
not  decomposed  by  a  red  heat.  It  i%  neirbrr  an  acid  nnr  it  ba^| 
anhydride,  but  it  is  markpd  by  its  avidity  for  oxygen,  with  wk^H 
it  form*  the  browniih-red  fnmes  cither  of  NO^  or  nf  NtO,^^^ 
cording  to  the  proportions  present.  [143]  and  [14&].  Il  ^| 
»>lves  freely  in  a  solution  of  ferrous  sulphate,  forming  a  *wW 
reddish-brown  liquid,  from  which  the  gns  may  be  exjjeUed  Ij 
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kL     a  Bimilar  product  maj  be  obtained  with  otber  ferrous- 
its,  and  thi^  reaction  may  be  used  as  a  test  for  nitric  add. 
IG4.  Nitrous  Oxide,  M^O,\i  best  prepared bj  gently  heating 
unmonio  nitrat«  in  a  glass  flask  or  retort. 

JiJf,-0'NO,  =:  2ff,0  +  N,0.  [154] 

h  may  also  be  obtMned  by  exposing  niiric  oxide  gas  to  the 
lion  of  moistened  iron-filuiga,  which  absorb  one  half  of  the 
;ygen. 

4JV0  —  0=0  =  2If,0.  [155] 

U  also  evolved  when  xinc  diaeolres  in  dilute  nitric  acid,  or, 
nre  surely,  when  a  mixture  of  equal  parla  of  nitric  and  sul- 
c  ucids,  diluted  with  eight  or  ten  porta  of  water,  is  used  for 
olT-ing  the  metal. 

fc+(I0flffO,  +  .47)  = 

iiZniifO^),  -t-  511,0  +  Ag)  +  N,0.  [156] 

Nitrons  oxide  is  a  colorless  gas  (Sp.  Gr.  22),  which,  by  pres- 
ite  and  cold,  may  be  condensed  to  a  colorle^ss  liquid,  boiling  at 
-88°  and  freezing  by  its  own  evaporation  at  about  — 101". 
.  IB  less  stable  than  nitric  oxide.     It  is  decomposed  by  heat, 
mi  nil  combustibles  burn  in  it  with  nearly  the  ^ame  readiness 
d  brilliancy  as  in  pure  o«ygen  giis.     When  pure,  it  can  be  in- 
uImI  without  danger,  and  is  mucb  used  as  an  antcsthetic  agenL 
FVith  eoine  patients  it  produces  at  first  a  transient  intoxication, 
at  times  with  uncontrollable  laughter.    Hence  the  pop- 
e  of  laughing-gas.     It  manifests  uo  tendency  to  unite 
irith  more  oxygen.     It  is  soluble  In  water  to  a  limited  extent, 
'  a  a  much  greater  degree  in  alcohol.     At  0°  one  volume  of* 
r  disRolTcs  1.3  volumes,  and  one  volume  of  alcohol  4.18 
ea.  of  this  gaa. 
165.    Oxychloridet  of  Nitrogen.  —  If  in  reaction  [111]  no 
d  or  other  metal  is  preitent  to  unite  with  the  chlorine  evolved 
Y  the  aqua-regia,  this  element  combines  with  the  niti-ic  oxide 
t  free  at  itie  same  time,  and  besides  chlorine  gas  we  obtain,  as 
i  of  tlie  reaction,  two  compounds  which  we  may  call  ni- 
osychloride  and  nitric  oxy^chloride  respectivdy. 

(ayO,  +  3//C7  4- ^7)  = 

{•iJ/,0-\-Aq)^NOCl^  Cl-Cl.\.UT\ 


or      (2ffiV^t),  +  G/Zr/  -J-  Aq)  = 

(477,0  +  Aq)  +  2A'0Ck  +  f^'Ci  [11^ 

During  tlie  early  stages  of  tha  decom position  of  nqno-pegia  fl 
BPconil  of  (he  two  ryaclions  prevails,  and  tlie  produc 
pure  NOCl^;  but  as  tlie  process  adrnnce»  this  becomes  n 
anj  more  mixed  with  NOCI.     At  ilie  ordinary  temporalit 
both  Bubstanyes  are  gases,  NOCI  having  an  orange,  and  -ATOfl 
II  deep  lemon-yellow  color;  but  by  cold  they  may  be  read 
condensed  to  liquids,  which  have  a  red  color  and  resemble  « 
other  in  odor  and  aspect.     They  have  neitlier  add  r 
relatiooe,  but  are  readily  decomposed  by  ehemicul  agents  : 
nitric  oiide  and  chlorine;  and  by  mixing  together  Ihese  t 
gaaes  the  same  or  similar  compounds  may  be  reproduced. 
the  action  of  dry  hydrochloric  acid  on  aniiydroua  ni 
ide,  still  a  third  compound  is  formed,  which  has  the  s 
JfOjCl,  and  reeemblea  the  other  two.     Tlie  lust  compound  n 
also  he  oblained  by  mixing  phosphoric  oxytrichloride  w3 
pliuubic  nitrate. 

166.    Compounift  teith  Hydrogen. — Ammimia  Got.   . 
—  Nitrogen  and  hydrogen  gases  will  not  directly  combine ; 
through  various  indirect  methoda,  not  well  understood,  i 
unioa  is  constantly  taking  place  in  nature,  and  amm 
the  chief  product     This  gas,  or  some  one  of  its  numerous  o 
pounds,  ia  constantly  formed  whenever  an  organic  subsiBt 
decays  or  ia  cliarred,  as  in  the  process  of  dry  distillatiou.     In 
luso  formed  in  many  chemical  reactions  when  nilrt^n  uid  ^ 
«drogen  atoms  are  brought  together  at  the  moment  of  ch«BU' 
change.     Thus  when  a  mixture  of  nitric  oxide  and  hydr 
gas  is  passed  over  heated  platinum  sponge,  wo  have  tho  r 

iNO  Ar  hH-H^  IH^O  +  "iNH^ 

So  al?o  when  nitric  aeid  is  added  in  very  small  quantities  al 
time  to  a  mixture  of  zinc  and  dilute  hydrochloric  acid,  li 
which  hydrogen  gas  is  being  slowly  evolved,  we  have  tba  i 

action 


Fhen 


IGC] 


It  the  ammonia  thus  produced  unites  at  ooee  with  the  hydro- 

iric  uciil  present  to  Ibrm  ammoaic  chloride,  and  in  a  similar 

aatia  are  tVequenily  formed  to  a  limited  extent 

and  eimilar  roeiala  are  diaeolved  in  nirric  acid.  Proo- 

sall)',  we  olwiiyii  prepai'e  ammonia  gns  i'rom  ilii:  commercial 

niuaiuu  (.'iiloriile  by  lie  reaetion 

2A'tf,CT+  Ca-Orff^=CaCk  +  2/^,0  +  SiWT,.  [IC2] 

It  is  a  colorlesti  gas,  so  light  (Q^.  I25l.  0.591)  that  it  can  he 
Uected  b  an  inverted  boiile  by  d  is  place  nieut.  l!y  jires^uro 
d  oolil  it  may  bo  readily  condensed  to  a  liquid,  which  ItoiU  at 
■SH"^  and  freezes  at  — 75°.  The  evaporation  of  ihe  lique- 
d  gas  ia  ntiended  with  great  reduction  of  temperalure,  and 
b  principle  is  applied  in  the  apparatus  of  Carri;  lo  the  artifl- 
il  production  of  cold.  Ammonia  lias  a  familiar  pun^nt  odor, 
d  ia  useful  in  medicine  as  an  irritant,  but  when  pure  it  ia 
rbolly  imspirable.  It  is  incombustible  in  air,  but  burns  in  an 
inoepbere  of  oxygen,  yielding  aqueous  rapor  and  nitrogen  gas. 
The  cotnpoaitjon  of  ammonia  gas  may  be  thus  ascertained; 
int,  by  passiog  a  eeriea  of  electrical  discharges  lhrou<;ti  a 
'olumc  of  the  gas  in  a  eudiometer  the  volume  doubles. 


22fS,  =  N'N+3II-ff. 


[163] 


fnnct  we  add  to  lliis  product  one  half  of  its  volume  of  oiygen 

tf,  then  explode  the  mixture,  and  subsequently  remove  with 

^llir  ocid  Ihe  resiitual  oxycren,  we  ^hall  lind  that  ihe  vol- 

e  of  nitrogen  gas  remaining  in  the  tube  i^^  exactly  one  half 
rtlip  volume  of  the  ammonia  gas  with  which  we  Martcd.  Sec- 
Ddly.  if  we  shake  up  in  an  cudiometer-iube  a  measured  vol- 
ine  of  chlorine  gas  with  a  weak  solution  of  aqua  ammonia, 
ilciiig  care  ntWr  Ihe  n-aclion  is  finished  lo  expel  by  beat  all  the 
ilrogen  from  tlie  li()uiil,  ii  will  be  found  that  the  volume  of 

irine  haa  been  replaced  by  one  third  of  iu  volume  of  nitro- 


mg«. 

Wth  colored  lest-papei 
(tning  alkaline  rcai-tioit,  and 
d  anhydrides.  Tlieoe 


giu,  even  when  dry,  gives 
directly  combines  with  several 
mportant  compoimds,  however. 


inn  not  be  confounded  with  the  important  class  of  a 

rilB.     In  part  [hey  correspond  lo  the  amide?  mciiiioned  below, 


but  the  constitution  of  otiiera  b  not  well  understood.  Tlie  last 
ore  frequcntlj*  culled  ammonides,  und  of  these  sulphuric  amnion- 
ide  (A'/'i}i  -  SO^i,  will  serve  na  an  example.  Ammonia  gas 
forms  iilso  equally  anomalous  conipouDds  with  many  aiibydront 
metallic  salts.  Thu^,  argentic  and  calcic  chlorides  absorb  large 
volumes  of  ammonia  nas,  forming  what  appear  to  be  molecular 
compounds,  Ag  CI .  QJ/^N  and  Ca  C%  .  &H,N,  in  wbich  the  am- 
monia seems  to  play  somewhat  the  same  part  as  water  of  cryt- 
tallization  in  ordinary  mlts.  But  by  far  the  moit  im[>orlBnl 
qunlity  of  ammonia  ia  its  power  of  combining  directly  willi 
water  and  with  the  acids,  as  such,  to  form  the  large  cla=8  of 
ammonia  salts.  In  forming  these  compouuds,  however,  nitro- 
gen changes  its  quanti valence,  and  it  will  therefore  be  conven- 
ient to  class  them  under  a  different  head.  When  ammonia  gas 
comes  in  contact  with  the  fumes  of  a  volatile  acid,  the  formation 
of  the  ammonia  salt  gives  rise  to  a  dense  white  smoke,  which  it 
one  of  the  most  cbaraclerletic  tests  for  this  substance. 

167,   Aminet  or   Compound  Ammonia. — Ammonia  gas  is 
the  type  of  a  lat^e  doss  of  compounds,  moat  of  them  vdlatilt^ 
in  all  of  which  nitrogen  is  trivalent.     These  compounds  nt 
regarded  as  derived  from  one  or  more  molecules  of  amfflot 
by  repladng  the  hydrogen  atoms  either  wholly  or  in  part  »l 
various  positive  radicals.       According  as  they  are  fa  ' ' 
after  the  type  of  one,  two,  three,  or  more  molecules  of  oi 
they  are  called  mooamities,  diamines,  &c,  and  ihoy  are  d 
guished  as  primary,  secondary,  or  tertiary,  according  t 
two,  or  three  hydrogen  aloms  in  the  monamin&s,  or  the  o 
spending  groups  of  aloms  in  ihe  polyamines,  have  been  re  ' 
We  may  represent  the  typo  of  ammonia  either  as  in  ( 
more  graphically  in  liie  vertical  form  as  in  table  below,  ^ 
contains  the  symbols  of  a  few  of  the  compound  amrooniaa. 

Monaminet. 

Pri-narg. 

H)  CH, )         C.ff.)  C,!!,)         C,fl^ ) 

h[n         H>f!       H}N       C,lI,yN    C,ri^>N 


H) 


UhChfluilH.      rbn>Tl«U4'>- 


NITBOGEN. 

^ 

Diamintt. 

a. 

Primary. 

CO) 

JV.            B, 

^, 

•mill*.           Um. 

N, 

.l«8.^ 


binjr  of  che  ammoniated  componnds  of  the  melals  may  be  ar- 
uiged  under  this  same  typo.     Thus,  when  potassium  h  lieaEfd 
1  dry  ammoDia  ga?,  an  olive-green  compound  is  rormed,  wliii;h 
tUe  composition  K,H,H-N\  and  otlicr  esamplea  will  be 
n  hereafter. 
The  Amines  are  all  basic,  and  like  ammonia  gas  combine  di- 
ctljr  with  acidd  to  form  salts ;  but  (his  character  is  the  leas 
Irongly  marked  in  proportion  as  ibe  hydrogen  3tom5  haye  been 
eplaced.     The  volatile  organic  bases  belong  to  the  game  claBd 
tS  componnds, 

168.  Amides.  —  The  atoms  of  hydrogen  in  ammonia  gas 
uiy  be  replaced  by  negative  m  well  as  by  positive  radicals ; 
Ut  then  llie  product,  instead  of  being  basic,  is  either  neutral 
r  add.  They  are  classified  and  named  tike  ihe  amines,  but 
rith  few  exceptions  only  one  or  one  set  of  the  hydrogen  atoms 
in  be  thus  replaced.     The  following  are  a  few  examples:  — 

Mmamtdet.  Diamidei. 

//I  h)  ffj  H^) 


pounds  may  also  be  regarded  as  formed  hy  ihe  union 
the  compound  radical  amidogen  (H^N)  with  the  ncid  railical. 
d  hence  the  name  amides.  They  differ,  then,  from  the  cor- 
iponding  acids  only  in  containing  amidogen  in  place  of  hy- 
UXyU     Thus, 

CJf.O,      Ho-C^H,0,         Ho^'Cfi,,  H-'-r^H,0^ 


'2:^a 


Ctff,0,     H^-C.B^O,     {ff^./C,Ot,     (//,N).rC.7f,0j. 
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These  amides  are  oU  neutral ;  but  if  in  the  dibasic  adtU  wo  re- 
plaw  only  one  of  the  atoms  of  hydroxyl,  it  is  evident  liiut  we 
eltull  obtain  a  class  of  amides  slill  containing  un  atom  ot'  baaic 
hydrogen,  and  which  ore,  therefore,  acids.     Thua  are  formed 

ITO.ff;N'  C^O^  HOMiN-  C,H,  0, 

Lastly,  if  we  take  an  add  like  lacUc  add,  UO.HO'CiB^O,  or 
glycollic  acid,  H0,HO-C^Hfi,  which,  although  diatomiCi  it 
only  monobasic  (43),  we  can  obtain  from  each^add,  ai  lenat 
theoretically,  two  distinct  amides,  according  as  we  replace  the 
basic  hydrogen  {H.)  or  the  alcoiiolic  hydrogen  (H),  see  {■13). 
The  firiit  will  be  neutral,  the  second  acid;  but  although  several 
of  the  acid  amides  are  known,  tbe  only  neutral  amide  uf  this  cUs* 
which  has  been  investigated  is  that  derived  from  lactic  acid. 


From  these  various  amides  a  large  number  of  cimiwuoda 
may  be  derived  by  repladng  the  hydrogen  atoms  either  of  the 
amidogen  or  of  the  add  with  different  compound  radicals.  The 
following  are  a  few  examples :  — 


11;  N 


c,h,o\n 


II 


Hi 


The  last  two  compounds  are  i^merie.  the  only  differeiii'i'  1 
that  in  the  Urst  the  radical  elhyl  replaces  an  atnm  ol'  h\,.'- 
of  the  amidogen,  while  in  the  second  it  replaces  tin-  ;il'  n 
hydrogen  of  the  lactic  add.  That  (here,  is  a  real  d^lTn 
between  the  two  is  proved  by  the  following  reactions :  — 

Iiy!V+K-0-ir=:K.(C,l7.)'0,-C.H,0+n\ 

U)  l^-l«l.Bl^rl■ 


171.}  KtTItOG£N. 

BO-C^^O^  C,1TJ 

CJt,  y  JV+  K-0-B  =  K,H-OfC^Hfl  -f         IVr  N.  [165] 

EUiIlunlDD. 

These  complex  amiJe  compounds  may  also  be  referred  lo  a 
^tem  of  mixed  types.     (Compare  30,  Pnrt  I.) 

Ifi'J.  Mida. —  If  from  an  acid  monainide  we  eliminate  a 
lOiecule  of  water,  or  if  from  a  neutral  diamiile  we  elimiunte  a 
lolecule  of  ammonia  gas,  we  obtain  aa  the  product  a  compound 
■rbich  may  be  regarded  as  formed  by  the  union  of  the  acid  rad- 
riih  the  com|)ound  radical  NJf.     Thus, 

H0,1LN-C^H^0  =  H-0-H-\-  HN-CJI,0.     [166] 


(ff^)fC,ff,Oj=ffJf-\-  im'C,H,0^        [167] 


(bcIi  compounds  are  called  Tmides,  and  they  always  act  aa 

DODobiuic  acidi!. 
170.    Nitrites.  —  If  from  a  neutral  monamidc  we  eliminate 

I  molecule  of  nater,  the  residue,  which  may  be  regarded  as  a 
Bompound  of  nitrogen  with  a  trivaleat  radical,  has  been  called 
R  ifitrile.     Thus, 


ff^-C,ff,0  =  ff,0  +  C,«,^JV. 


HJf'CH^O  =  ff^O  +  C,//„W. 


[168] 
[169] 


compounds  are  weak  base?,  like  ammonia,  oombining  di- 
ictly  with  adds  to  form  salts,  and  tliey  may  be  regarded  as  a 
irt  of  the  class  of  amines. 

171.   Ammonium  Compounds.  —  In  all  the  above  compoimda 
itngen  is  trivalent,  and  a  single  atom  of  this  element,  nnas- 

does  not  appear  tb  be  able  to  hold  together  more  than 
res  slotDs  of  hydrt^en  or  of  olher  nnivalent  po^iiiive  radical" ; 
It  when  the  different  ammonias  are  brouglit  in  contact  with 
ids,  the  nitrofjen  atoms  suddenly  manifest  two  additional  af- 
itti«8,  and  a  most  important  class  of  compounds  is  formed, 
which  nitrogen  is  quinquivalent.  The  cjvnw  of  this  sudden 
CHBJoa  of  power  is  not  well  understood,  but  it  evidently  de- 
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ponds  on  tUe  refles  influence  wliidi  the  negative  fttoms  ot 
icala  of  ibe  acida  excrL  In  all  lUeae  cases  the  ammooiu  i 
bine  wilb  the  acids  as  a  whole,  and  the  reactiun  is  an  exAi 
of  synthesis  and  not  of  metathesis.     The  following  are  a  ft 


-  HOI  =  NUI„  CI  =  NHf  CI       like         K(X  [  17( 


N'-II^  +  H-NO,  =1  mH„{NO,)  = 

NH^O'NO^  IlkG  K-O-NOj.  [I' 

{Nff,).rO^^SOj  like  AV0i=50^  [ITJ 

The  products  thus  obtained  resemble  rerj  closely  the  ealts 
the  alkaline  metals.  Witb  certain  limitations  they  are  suso 
tible  of  ttie  same  reactions,  and  in  these  reactions  Ihe  atoi 
group  NH^  plays  the  same  part  as  the  metallic  atoms  in  I 
other  salts.     Thus  we  have 

{Ag-NO^  +  NIIi-Cl+Aq)  = 

AgCl-ir{NHiNO,J^A<i).  [17 

( Caa^  +  {mi,)iOfCO  +  a^)  = 

Ca-0^'C0-\-(2lfff,a-\-Aq).  [17 

Ilunce  we  conclude  ihal  the  ammonia  salti  are  compounds 
this  univalent  radical  which  wo  call  ammonium,  and  iltereTil 
we  write  llieir  symbols  as  above.     But  aliliough  many  att 
have  been  made  to  obtain  the  radical  substance 
to  NIf„  these  attempts  have  been  hitherto  uusucces.<Jiil,    It, 
true  thai  when  we  electrolyze  a  solution  of  aminoiiic 
using  as  the  negative  pole  of  the  battery  a  quantity  of  mere 
we  obtain  a  material  resembling  a  mclAllic  amalgam,  wb 
when  kepi,  slowly  changes  back  to  metallic  meraury,  eroli 
a  mixture  of  hydrogen  and  nitrogen  gases :  but  it  would  i 
Hppear  ihal  in  ibis  pn^ly  mnss  ihe  gases  are  merely  laixBd,. 
not  ciiemicully  combined,  and,  moreover,  ibe  loLil 


1T30 


igul-irlj-  c 
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lAtcriiU  which  lli«  mcrcitry  ihui 
igl^  small. 

172.  Ammmie  Chloride  {Sul  Ammotiiac),  NH,Cl,  is  (lie 
KMt  importjuit  of  the  ammonia  eiilia,  and  the  miilerial  from 
iiidi  llie  other  ammonia  coiii|)oun(lit  are  prepnreJ.  It  is  mati- 
iiticiureil  in  laJ'ge  quantities  from  tlie  timiiiutiiiiuil  iiquiil  ot*  the 
fts-work.<,  one  of  ibc  proilucis  of  the  Ui'y  distillation  of  coul> 
I  is  a  while  cryalalliuit  ^ull,  Sfiry  soluble  iu  waitr,  hut  only 
ligliily  aoluUt!  in  aluuiml.  It  sublimes  below  rediu'sd  witliuut 
ml  melting.  It  is  isomorphous  witli  sodiv  nnil  potui&ic  iihlo- 
idc,  and  rt^etnbles  these  ^alts,  espeuiully  the  lu^l,  very  i:losely, 
nilte  polassic  chloride,  it  is  precipitated  li-om  aqueous  Holuiiona 
J  plaliuic  cliloridct  with  wbiuh  it  forms  a  double  ealt  iiisuluhle 
1  water. 

iNJi,C1-\-PtCl,  +  Aq)={NH,Cl)^.PtCl,-\-{Aq).  [176] 

173.  Ammonic  Hydrate  {Aqua  Ammonia).  {KH,-0-H -^ 
q.)  —  At  0*  water  ab^rba  1,030  times  its  own  volume  of  am- 
onia  gas,  but  the  ((uantily  absorbed  npidly  diminishes  as  (he 
mpt^ature  rises,  w  that  at  15°  it  can  only  hold  727  times  its 

olume,  and  at  24°  COO  times  its  ToJumc.  Water  satumted  at 
5°  contains  about  one  ihird  of  its  weight  of  aramonin,  but  in 
tequence  of  the  great  expatision  which  attends  the  absorp- 
I,  the  solution  la  lighter  than  water.  This  solution  has  tha 
nngent  odor  of  ammonia,  beciiuse  the  gas  slowly  escapes  even 
It  the  ordinary  temperature  of  ihe  air,  and  by  prolonged  boiling 
fl  whole  may  he  driven  off.  In  this  and  in  other  physical  re- 
ktloiis  the  compound  of  ammonia  with  water  acts  like  the  boIu- 
n  of  a  ifo.*,  but  in  all  iis  chemical  relaiiota  it  behuves  like  an 
aline  hydrnle.  Ii  is  Wrongly  caustic ;  it  precipitates  metallic 
i^ralea  from  sofulions  of  their  aalis,  and  is  very  much  used  io 
e  laboratory  as  an  alkaline  reagent.  It  baa  been  called  Ihe 
'veiatile  aliali.  It  differs  however,  from  thefxed  aliiiliri,  soda, 
l»ii  ptilaua,  in  two  important  particulars.  First,  it  is  di-com* 
i  by  hr-ai  inionmmonia  gas  and  water,  and  is  not,  ihercforo, 
wptHy  Fpenlving.  volatile.  Secondly,  it  forms  with  muny  me- 
nltic  radicals  ioluble  double  salts,  and  other  comiMunds  of  pecu- 
isr  conttituiion.  wbicli  cmi  have  no  counterparts  among  the  com- 
a  of  the  alkaline  meinls.  Hence  it  is  thai  in  many  im- 
>t  puniculurs  Ihe  reactions  of  the  utnmoniu  cults  arc  wholly 
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difibrent  from  ihose  of  tlie  corre^poiiiling  sftlts  of  lodinm  ■ 
potassium.  They  either  do  not  give  preci|iiuilea  undvr  t 
same  conditions,  or  the  precipitates  olilaint^d  btive  a  wholly  d 
ferent  cliaractir.  Cumpiire  [174],  [175],  with  (265),  (271 
and  (316). 

174.  Ammonic  Carbonate,  {NH,)iO^^CO.  Add  Ammat 
CarboHoic,  J/,{N/f,)'0i'UO. —  Uj  sublimiDg  ft  mixtura 
Binuiotiic  tbioride  with  calcic  carbonate,  we  obtain  a  transluM 
white  solid,  which  is  called  Bmmoiiic  scsquicarbonate,  and  b 
the  symbol  (A'/^),iOji(C^O,'C=0/(,').  It  is  very  soluble 
water,  hta  the  odor  ol'  animonia,  and  a  strong  alkaline  renutic 
The  saturuttil  solution,  when  exposed  to  a  temperature  of  ( 
de[K)8iis  Urge,  truiiB|.ari'nt,  oetahedi-al  crynlalu  of  the  foorih  (j 
tem,  havinf;  the  compofiiion  H.f[NIft)}(.mC(i\  .  iff^O.  1 
pasiiing  lliruugh  liie  eaiiie  Eoluliou  CO^  the  salt  ia  wholly  tB 
verted  into  the  aciil  carbonate,  which  can  he  obtained  in  «( 
defined,  permanent  crystals;  and  when  the  sublimed  i^lt  Ik  e 
posed  to  the  air,  it  loaes  ammonia  gus,  absorbs  water,  und  beeoa 
CDBled  with  a  white  spongy  crust  of  the  same  coni|)ound.  T 
neutral  carbonate  has  not  been  obtained  in  the  solid  form;  ti 
a  Eotuiion  corresponding  to  this  salt,  at  least  in  compoeilitm,' 
readily  prepared  by  mixing  a  solnlion  of  the  sesqm" 
with  the  requisite  amount  of  squa  ammonia,  and  is  very  ud 
used  in  the  laboratory  as  a  reagent. 

175.  Characteristic  lieactionl  of  the  Ammonia  Sedti.' 
These  compounds,  when  heated  with  caustic  ulkalit^  or  alkali 
earths,  pve  off  ammonia  gas,  which  may  be  rtcogniwd  by 
odor,  or  by  the  cloud  it  forms  with  ffVt.  The  nromonia  m 
are  all  Tolntile  at  a  moderate  temperature  (except  in  Ihe  (i 
cases  in  which  the  acid  is  fixed),  and  ure  thus  readily  diff 
gui»hed  from  those  of  the  non-volatile  bases.  This  qaaS^ 
of  great  importance  in  chemical  analysis,  and  leads  as  t 
the  ammonia  sells,  whenever  it  is  possible,  as  reagents  been 
the  excess  of  the  reagent  and  all  the  ammoniacal  pr'>diictii3 
BO  readily  be  eliminated  by  heat, 

176.  Ammoiii'im  Sates.  —  The  salts  formed  by  the  no! 
of  the  compound  ammonias,  or  aminen,  with  aciA^.  cloeelj  t 
semhte  iho^e  of  ammonia,  and  may  be  regnnlcd  as  cnttsl^tingi 
raiiirtils  derived  from  ammonium  by  replacing  one  or  IWKt 
iu  bjingea  Mom*  witfa  otter  poattiw  "mrijalB.; 


onda  the  most  interesting  are  those  corresponding  to  ammtmi 
dnucs,  but  in  nliich  all  four  ol'  tlie  liydrogtn  atoms  have  bee 
M  replaced.  Tliey  maybe  prepared  from  llie  ternary  amint 
ft  manner  which  is  illustrated  by  ihe  rollowing  r 

'^•"}\ ,      CMl 


dih  \  X+  (C,//,)/=  p"*'  ys-I.  [177] 


CM,  „„, 

TrtiOiTbmlu.  '':"s  I 

!ftO  +  2  [(cv/,).^v-ri  +  H,o  = 

2Jy/+2([(6'^,)^-0-^),  [178] 

^The  solutions  of  the  amines  in  water,  although,  like  aqua 
QOniR,  they  may  be  regarded  as  compounds  of  an  ammo- 
n  radical,  are  decomposed  when  evaporated  into  the  volatile 
DC  and  water,  and  it  might  have  been  aulict)wie(l  tijat  ibe 
nteortelralhyl-ammonium  would  break  up  in  a  similar  way, 
auch  is  not  the  ca^e.  This  compounil  is  stable,  and  on 
the  solution  resulting  from  the  last  reaction  the 
obtained  as  a  while  solid  resembling  causlie  pitlush. 
kbtorbs  water  and  carbonic  acid  from  the  air ;  it  precipitates 
metallic  oxides  from  their  salts ;  it  snponilies  fat»,  and  it 
liralises  the  siroDgcst  acids,  just  aa  potash  doe^  Several 
liUr  compounds  have  been  pivpared ;  and  since  it  appears 
t  the  four  hydrogen  atoms  of  ammonium  may  be  replaced 
ike  same  or  by  dilferent  alom^  »t  will,  it  ia  evident  that  an 
Bile  number  of  such  comjiounds  are,  theoretically  at  least, 
sibls.  These  bydrales  have  a  bitter  taste,  and  cannot  he 
ktilind  without  decompoBiiion,  In  both  of  these  piiniculars 
f  very  olowly  resemble  the  more  volatile  organic  alkaloids, 
are  evidently  formed  after  the  same  type.  There  are, 
ela«ae«  of  bnies  derived  from  ammonia ;  the  one 
ililB,  after  the  tvp«  of  //^;  the  other  non-volntile,  aCier  th-j 
I  of  NJicO-It;  and  eorrcspnnding  to  thc^e  there  are  two 
MM  of  organic  nlknloidx,  the  first  volatile  like  nicotine  ami 
n«,  the  second  non-volatile  like  quinine  and  morphine.  In 
iheM  haws  llie  parts  are  grouped  around  one  or  more  atoms 
iltrogen,  and  the  diflerence  lietween  the  two  classes  of  com- 
dvpvndB  primarily  on  the  fact  that  these  atoms  are  tri- 
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Talent  Ed  the  first  class  and  quinquif&lent  in  the  second.  ' 
two  clasB&j  of  compoundj  are,  bowever,  in[iiiiatelj>  rcUieil, 
joAj  be  regarded  from  diffentiit  poiuU  of  view.  Thnf 
amides,  itoides,  and  nitriles,  which  we  have  considered  uibn 
afler  the  type  of  ammoiiiu  gas,  may  n1-o  be  regarded  as  at 
dride^  of  the  salta  of  the  ammonium  rudieair,  and  in  manj'ei 
may  be  prepared  from  these  aalta  by  a  Bim|ile  pi'oceas  of  di 
dralion.  Moreover,  careful  study  will  optQ  up  many  otliar 
lalions  of  ihe.-«  bodies,  a11  of  which  muKl  be  considered  ' 
we  can  coniiiiand  a  romprcbensive  view  of  ibe  eubjecl. 

177.  Chloride  of  Uilrogm.  NCl^  is  a  very  volatile, 
oily  liquid,  obtained  by  tiie  action  of  cliloriuu  gas  on  a 
solution  of  sal-ammoniac. 

178.  Brvmitie  of  Nitrogtn,  NBr^  is  obl;)incd  by  di 
bromide  of  potassium  with  cliloride  of  niti'ogeo,  atid  ia 
to  the  last  in  appearance,  but  has  a  much  daiker  color. 

179.  Iodide  of  Nitrogen,  AV„  id  a  black  powder, 
when  aqua  ammonia  ia  added  in  largo  excess  to 
solution  of  iodine.     They  are  all  three  highly  explosirst 
illustrate  in  a  most  marked  manner  tlie  instability  of  nil 
comjwunds  of  nitrogen. 

180.  PHOSPHORUS.  7'=31.  — Found  in  nature,oH 
in  combination  with  calcintn,  in  calcic  phosphate,  a  mineral  i 
stance  very  widely  but  sparingly  disseminated,  and  an  waet 
but  Eubnrdiruite  conslituenl  of  many  plan  ti>,  and  oT  all  the  liij 
animal  structures.  In  order  to  obtain  llic  elementary  subliai 
the  calcic  phosphate  (generally  bone  a^hi'S)  is  tir&t  partiulljr 
composed  with  sulphuric  acid.  The  loluble  acid  caldc  pli 
thus  obtained  is  cattily  separated  from  tlie  nearly  I'niM 
calcic  sulphate,  by  filimiion.  The  solution  ia  then  evapon 
the  acid  phosphate  mixed  with  pulverized  cliarcoBl,  and 
thoroughly  dried  mass  distilled  in  earthen  reiort&  The  di 
lation  proceeds  slowly,  and  requires  a  very  high  temperBtoi 

■VVhcndried,  H„Ca\0^l{P0)j=at'0^'{P0.,)i-\-2RtQy 
ZCa-0.i{PO,)i+  C,„=  O»,IO.i(P0),+  10C't9-|-/V 

181.  Common  Phosphorui,  Pu  when  perfectly  pun^  i 


I,  irnnupKrent  soli  J,  but  ordinarily  it  has  a  jrellow  i^h  tint, 
ii  only  imiisluc^ni.  At  low  tijiii[iei'ui.ure9  it  is  briiile,  but 
f  it  b  H>n  like  u&x.  ll  uwlla  ui  i^",  aud  boiU  at  290". 
Ar.  of  icitid  1.83.  Insoluble  in  waler,  slightly  soluble  in 
ll  mil  ftbcr,  still  muro  solablu  in  both  the  fixed  and  volit- 
ib,  Mid  very  mluble  in  sulpbide  of  cnrbou  or  clilcrride  of 
Pliospliorua  ia  by  far  tlie  most  combustible  of  the 
1  skmeots.  Il  lakes  fire  below  the  boiling  point  of 
1  slowly  coiubincs  with  the  oxygen  of  the  air  at  ibe 
f  tetajKmtuiu.  If  in  not  too  smnll  quantiiy,  the  beat 
I  by  ita  glow  rombuxlion  eoon  raises  the  temperature  to 
lion,  and  il  is  tberefore  iilways  preserved  under 
r  ftltxihol-  Th«  prodbct  of  the  rapid  combustion  ia 
~a  utfaydridH:  lliat  of  the  slow  corabu.<lion  in  moist 
J  pbosphorous  acid.  Ex|i08ed  to  the  air  in  the  dark, 
s  emiU  a  greenish  light,  and  In-nee  iu  name,  from 
I ;  buL  tblt  phosphorescence,  though  always  accompnny- 
D  »low  combustion,  does  not  appear  to  be  necessarily  coa- 
1  villi  it.  Slicks  of  phosphorus,  when  kept  under  water, 
d  after  some  lime  with  «  white  crust,  which  oon- 
B  of  microscopic  crystals ;  and  in  the  course  of 
s  tbene  rrystala  may  ncquirn  considerable  aif;e.  The 
e  crystals  is  the  regular  dodecahedron  of  the  first  sys- 
Fig.  6),  and  crystals  of  the  same  form  are  obtained  by 
f  evapomiing  the  solution  of  phosphorus  in  sulphide  of 

i  Photphoriu.  —  Exposed  to  the  direct  sunlight 
er,  phosphorus  becomes  covered  with  a  red  coaling, 
1  red  modilication  is  fonned  in  great  abundance 
7  phosphorus  is  heated  for  aeveral  hours  to  s 
aiUK  bplow  tAb"  and  230°  in  an  atmosphere  of  carbonic 
Iriifc',  or  some  other  inert  gas.  Red  phosphorns  is  insol- 
n  carbonic  sulphide,  and  is  ibus  eaijly  separated  from  the 
n  which  has  not  been  changed.  Iodine  facltiiales  the  uon- 
%,  and  tf  a  sohition  of  phosphorus  in  sulphide  of  carbon, 
ning  n  little  iodine,  is  sealed  up  In  a  glass  Ha^k  and  healed 
ne  time  to  only  100°,  red  phosphorus  is  slowly  prpcipi- 
A*  usually  obtained,  red  phosphorus  is  an  amorphous 
iwder;  bat  it  has  been  (Ty.'tallixt'd,  and  it  apprarii  that  thft 
I   rbombobedrotis  belonging   to   the  third  6y>ilem. 
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Hence  phosphorns  ia  ditnorphons,  and  in  this  respect  rese 
arsenic  and  antimony.  The  Sp.  Gr.  of  red  phospborus  ia 
2.1,  It  undergoes  no  cliunge  in  dry  air,  and  may  evi 
henled  to  ZoO"  without  taking  fire ;  but  at  a  siighily  hi 
l('in[)eraiure  it  changes  back  to  common  phosphorus  an 
flames.  The  specific  hent  of  re.J  phosphorus  is  0.1700.  i 
that  of  the  ordinary  variety  ia  0.1387:  and  hence,  as  we  si 
anticipnte,  ibia  revei^e  change  is  attended  with  the  evolutii 
heat.  Moreover,  the  calorific  power  of  common  pl)Osphoi 
to  that  of  red  phosphorus  in  the  proportion  of  1.15  to  I. 
general,  red  pliosphorus  is  le^s  active,  chemically,  tlian  con 
phosphorus,  and  'a  not,  like  the  latter,  poisonous.  Both  i 
ties  are  largely  useil  in  the  m^nufnciure  of  frict ion-matt 
The  red  varioly  is  not  used  in  making  the  match  itell 
only  in  the  preparation  of  the  surface  on  which  il  Is  nil 
183.  Photphontt  and  Oxygen.  —  The  following  compo 
of  phosphorus  with  oxygen,  or  with  both  oxygen  and  hydn 
have  been  observed : — ■ 


Phosphorous  Anhydride 
Phosphoric  Anhydride 
Hypopliosphorous  Acid 
Phosphorous  Acid 
Orlho phosphoric  Acid 
MetH  phosphoric  Acid 
Pyrophosphoric  Acid 


H-o-iPiojr,), 

ff-0-(P-Oi), 
ff^'O^iP'-O^^F), 


So<Iinm  salt  of  Hexabaaic  Acid     Na^iO^l^P-O^^P^-O^P'Oi 
Sodium  salt  of  Dodecabasic  Acid  Ifaa*&  Ou«ii(p„Ou,). 

Tlie  relations  of  these  compounds  will  be  beat  uiid?n 
by  taking  as  our  first  starting-point  an  assumed  compi 
ffiiO^sP,  in  which  the  atoms  of  phospliorus  are  united  li 
droxyl  by  all  their  five  affinities,  Ortho'  and  metaphofrpi 
acids  are  uow  simply  the  Buccessive  anhydride-a  of  this  i 
atomic  acid.  Starting  next  from  the  double  moleciiln  o 
osBumed  compouud,  the  following  anhydrides  are  ptMtiUt 


H„-0^,P,. 

3i. 

iifOAP-0, 

n,^^o„-^{p-o-Fi, 

4th. 

U.0i{l^0i 

v.{i'-<i,-n. 

5ib. 

(,PlOi 
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tbete  posnbk  compounds  the  second  and  fourth  are  identical 
ii  ortho  and  m^ia-phosphoric  acidi),  of  which  the  symboli!  rep- 
eat  tM'o  moleculesi  nliile  ihe  third  and  the  fifth  are  the  pvro- 
wphoriu  uiud  and  phosphoric  anhydride  of  the  above  list. 
«  first  3nhyilri<le  of  thi^  series  has  not  jet  been  observed- 
like  manner  we  may  take  three,  four,  or  more  molecules  of 
I  first  comjioiind,  and  deduce  from  each  of  these  condensed 
itlecnies  another  series  of  anhydrides;  but  of  the  infinite  num- 
r  of  compounds  thus  possible,  only  the  sails  of  the  hex^basic 
d  dodecnbnsic  acid  mentioned  above  are  known.  This  scheme, 
nrever,  does  not  include  hy|)Dpbosphorous  and  pho^phoroua 
,  which  hnve  an  annmaloua  couslitutioo.  They  may  be 
pulled  a^  orihophosphoric  acids  in  which  atoms  of  hydrosyl 
V  ID  the  first  caae  and  one  in  the  second)  have  been  replaced 
h  Uoma  of  hydrogen.  The  molecules  of  hotli  uelds  contain 
Be  stoma  of  hydrogen,  but  the  first  is  only  monobasic  and  t*  i 
1  dibasic ;  and  this  fact  illustrates  nn  important  principle. 
all  the  so-called  oxygen  salts,  only  those  atoms  of  hydrogen 
rtfpliu'eable  by  metallic  atoms,  which  are  united  to  ihi;  ncg- 
ive  raditul  by  a  vinculum  consisting  of  an  equal  number  of 
Jiffen  alonts.  The  hydrogen  and  oxygen  atoms  thus  paired 
e  ix|uivBlent  to  so  many  atoms  of  the  radical  hydroicyl  [70]. 
naphorous  anhydride  is  the  only  one  of  this  class  of  corn- 
's in  which  the  phosphorus  atoms  are  not  quinquivalent. 

184.  Pfioiphorie  Anhydride  is  readily  prepared  by  burning 
;pborus  in  dry  air.     It  i*  an  arnorphons  white  powder,  liav- 

>  an  intense  alfinily  for  water,  and  is  sometimes  used  as  an 
scopic  agent.  It  hisses  wht;n  dropped  into  water,  and 
a  a  solution  of 

185.  Mclaphotphoric  Acid.  —  This  compound  is  obtained  as 
9  solid  (glacial  phosphoric  acid)  by  heating  orihopho*- 

Eiric  acid  to  redness.  Its  ralution  oaagulales  albiimi;n,  and 
t  molecule  of  the  acid  saturates  only  one  molecule  of  sodic 
Irate.     By  boiling  the  solution  the  acid  loses  its  power  of 

gnlaling  albumen,  and  acquires  greater  capacity  of  sntura- 

I,  imving  changed  into 

186.  Ortliopkotphorle  Acid.  —  This  is  much  the  most  im- 
nnl  of  these  compouuds.  It  is  readily  prepared  by  boiling 
iphoru:!  in  not  too  strong  nitric  acid,  and  evapomiing  tho 

aid  produet  to  Ihe  conxitteoiy  of  syrup.     The  ordinary  jjhoi- 


phaMa  are  all  snlu  of  this  add,  and  one  molecule  of  add  k 
pftblo  of  sBturatidg  lliret!  molecules  of  base.     Many  of  tbi 
pbates  are  tlius  vonsliiutcil.  niid  tliese  arE,  iheoretically  ( 
the  neutrnl  sails ;  but  evidentlj'  we  may  also  have  ' 
two  acid  salts.     Thus  in  the  case  of  £oda  we  have 

NcH'O^^PO,  J/,N<H^Oi^PO,  H^N(i^-0,^PO\ 

so  in  the  case  of  lime  we  have 

CotW^iPO),       H^Ca^iO^{PO)^       If„OaiOtliPO, 

Here,  as  in  many  other  esses,  a  diatomic  metal  serves  to  k 
together  two  molecules  of  the  acid. 

187.  Common  Sodic  Phosphate,  ff,Na,--0,'PO  .  ISffti 
by  far  the  most  important  of  the  salts  vrhich  {ilio<tphor 
forme  with  the  bases  previou>Iy  studied.     It  is,  moreover, 
chief  Eoluble  Eult  of  the  acid,  and  w  much  used  in  the  labora 
as  a  reagent.     It  ia  also  highly  interesting,  theorelicaSj, 
cause  it  illustrates  by  its  reactions  the  relations  we  hava 
been  considering.     A  solution  of  (lie  salt  is  neutral  Ic 
but  when  mixed  with  a  solution  of  argentic  nitrate,  alM 
fectlj  nenlnd.  we  obtain  a  yellow  precipitate  of  argentic  p 
phale.  Aija'^O-s^PO,  and  at  the  same  time  the  solui 
acid,    llutit  now  the  salt  to  1 20%  nnd  it  will  be  found  that  it '. 
twelve  moleeuh-s  of  water;  but  when  the  dried  mi 
in  water,  and  the  solution  evaporated,  we  obtain  crysiaU  tt 
Bameform  (rhombic  prisnii*.  Fig.  45)  and  composi 
and  which  give  again  the  same  reaction.     Bui  heat  tbo  f 
salt  t<i  a  red  heat,  and  we  have  a  wholly  different  result, 
salt  has  lost  thirteen  molecules  of  waier ;  the  residue  u 
soluble  than  before.     On  evaporation  we  oUlain  eryetaU 
different  form  and  composition  (NotPtO,  .  lO/f^O),  and 
solution,  after  precipitation  with  argentic  nitrate,  althouf^ 
viously  alkaline,  becomes  neutral.     Moreover,  the  [ 
inatead   of  being  yellow,  ia  white,  and  has  the  oc 
jIs,P,Oj. 

188.  McrtKotmie  Salt.  H.NH,,Na^'0/PO .  AI{,0.~\\ 
mix  logclher  hot  saturateil  solutions  of  common  sodic  plin 
and  sal  ammoniitc,  we  obtain  ijie  following  reaction  :> 

(jy^a,'0,'PO  +  NIf,CIAHjO  +  A<f)  = 
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b  tlie  solution  rools,  the  microcosmic  salt  crystallizes  out,  leav- 
g  iodic  cbloriilc  in  fiolutian.  This  salt,  when  igait«d,  loses 
ih  its  water  and  its  ammonia,  iuid  the  aodic  meta|iliosphate, 
ikh  remains^  Aihcb  inio  a  colorless  glues  at  a  red  heat.  This 
ID  acti  rery  much  like  borai,  and  is  used  iu  the  same  way 

t  blow-pipe  flus. 

185.  Photphurut  and  Hydrogtn.  —  When  pliospjiorus  is 
Jkd  with  strong  poiaali  or  soda  lye,  or  with  milk  of  lime,  a 
1  Li  evolrcd,  called  phospbu retted  hydrogen,  which  on  cora- 
{ in  contact  with  the  air  inflames  sportnneously.  This  gas 
Uists  almost  entirely  of  the  compound  H^P:  and  when  soda  is 
tdi  the  reaction  by  which  it  is  formed  is  as  follows:  — 

-1-  (3Aa-0-//+  ZH^O  +  Ai})  ^ 

{ZNa-0-POH.^  +  Aq)  +  H^P.  [181] 

|[r  cnide  product,  however,  is  not  pure  II3P ;  for  when  it  is 
]  tlirough  a  tube  cooled  tiy  a  freezing  mixture  it  deposits 
Q  amount  of  a  very  volalile  yellow  liijuid,  wliich  has  been 
[I  lo  be  a  second  compound  of  phosphorus  and  liydrogen, 
'■ff,  and  has  ilie  property  of  inflaming  ?pontniii-oii;ly  to  a  high 
Moreover,  the  gax  thus  ireiited  loses  ila  power  of  aelf- 
iting,  and  this  quality  in  the  crude  product  is  evidenily  due 

■  amnll  admixture  of  the  liquid  substance.  When  exposed 
the  direct  ^nnlighi,  the  liquid  compound  gives  off  H,P,  and 
[nsits  a  yellow  I'olid,  which  is  a  third  compound  of  phospho- 

■  and  hydrogen,  H3P,. 

bH,P,  =  H^^  +  I^H^P.  [182] 

la  same  solid  compound  is  deposited  on  the  sides  of  the  ves- 
whea  (he  crude  product  first  meulioned  is  eipoi^ed  [o  the 
iligbt,and  in  this  case,  also,  the  gas  loses  its  self-lighting 

rbere  arc,  then,  three  distinct  compounds  of  hydrogen  and 
'lorus.  Bui  of  these  the  first  is  by  fiir  the  most  impor- 
it,  and  llio  other  two  iire  chiefly  interesting  as  explaining  the 
gular  phenomena  just  noticed.  The  compound  H^P  is  the 
liigne  of  ammonia  gas,  and  differs  from  it  in  composition  only 
eontainlag  in  the  place  of  niiro^en  the  next  lower  element 
dw  ume  dieioical  series.     But  the  differences  in  properties 
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ai«  BO  great  that  to  superficial  obscrvntion  it  would  seem  as  if 
theru  were  no  Eimilariiy  between  the  two  compounds.  Thus 
plioepliuretled  hydrogen  is  insoluble  in  waier,  except  to  a  very 
Bliglii  degree,  and  does  nol  unite  witli  auy  of  the  common  acid*. 
A  more  careful  study,  liowever.  di.-covers  veiy  marked  resem- 
blancBS,  for  it  appears  tliat  H^P  docs  miiie  with  HUr  arid  HI 
to  foi-m  ilm  compounds  [IJtP)Br  and  (//,P)/,  which  rtserable 
(II^N)Br  and  (I^N)!.  Mort-over.  the  atoms  of  hydrogen  in 
Z^,/"  miiy  be  rt-jjluccd  by  nicibjl,  CH„  ethyl,  CJ1„  and  other 
radieals  yielding  com^iouuds  simitar  to  the  tertiary  amines,  whidi 
we  call  the  phosphines;  and  it  further  appears  that  tlie  pho^ 
{ihines  have  a  strong  basic  charuclcr,  combining  with  ail  the 
ordinary  acids  to  form  a  class  of  salts  corresponding  to  ihoM  of 
ihe  compound  ammoniac,  and  yielding  also,  by  reftction<i  timiliir 
to  [177]  and  [178],  compounds  analogous  lo  the  hydrates  of 
ihe  ammonium  ridicals.  There  ore,  however,  cvtn  here,  dif 
i'trences  to  lie  noted,  —  (juite  importanl,  because  they  point  la  %, 
tendency  in  the  series  which  develops  inlo  a  marked  charactft 
in  the  ni'xt  element,  arsenic.  The  compounds  trimeihylpbi* 
phine,  iCff,)J',  and  trier hylphosphine,  {CJT,):^,  not  only 
combine  with  acids,  but  they  also  unite  as  diatomic  r.idi(«b 
either  with  two  atoms  of  chlorine,  brotnine,  or  io<line.  or  with 
one  atom  of  sulphur  or  of  oxygen.  Tims  arc  formed  the  crys- 
talline compounds 


(C^.).P'«r 


iC,//,),P-0, 


{C^ff,)iP-S. 


Lastly,  a  compound  has  been  described  corresponding  lo  liquiil 
phosphuretted  hydrogen,  and  having  the  symt)ol  {CH,)tP- 
{CII;j)jP,  which,  like  the  former,  is  both  liquid  and  sponianft-  — 
oiisly  inflammable.  Il  has,  moreover,  the  propenJes  of  a  feehl 
basic  radical,  and  in  the  chemical  series  Hnds  its  analogue  t| 
one  side  in  the  radical  amidogen,  and  on  the  other  in  iha  1( 
markable  compound  kakodyl  (198). 

190.    Phosphonts   and    Chlorine.  —  riiosphoni*   « 
with  chlorine  in  two  proporlions.     When  tlie  phosphor 
excess,  phosphorous  cliloride,  PCI^.  is  formed,  which  is  a  ftu 
colorless  hquid.     When,  on  the  other  hand,  the  chlorine  \i\ 
excess,  we  obtmn  phosphoric  chloride.  PCly,  a  whita  c 
solid.     Both  compounds  are  decomposed  by  water,  s 
the  water  is  in  large  esee?s  the  reaciiona  are  as  followa:-^ 


D  tllQ  lost 

I  olitaiu  quit) 


VI,+  {iJr,0  +  Ag)  =  {Jf,--0,:PO  +  5I/a  +  A,).  [184] 


cr  ie  not  present  in  eulBcicnt  <]uaniiljr, 


PCI,  +  /r,0  =  PCI,0  +  2HCI. 


P85] 


!1ie  first  of  the  three  reaolions  is  imporUint,  becnuse  it  gives 
■et»y  method  of  preparing  pliospboroua  acid,  and  ibe  lusl  lias 
pecikl  inleresl  bepause  it  illuslraiea  a  valuable  applicHtioii  of 
»f|>horic  chloride.  This  reagent  gives  ds  the  menus  of  rc- 
idug  an  atom  of  oxygen  with  two  atoms  of  chloriiie,  and  (as 
lUuBtraied  not  only  by  [185],  but  abo  by  [34])  this  tumjile 
inge  frequently  gives  a  clew  to  the  molecular  constitution  of 
tfatnutcal  compound.  Tbe  compound  PCl^O  is  called  phos- 
orychloridp,  and  there  is  also  a  phofiphoric  sulphochlo- 
,  PCl,S.  Both  are  fuming,  colorlesa  licjuids.  Tbe  laat, 
n  healiKl  witli  a  Eoluiion  of  caustic  soda,  gives  the  following 
ible  reaction :  — 


>C/^+  GN<t'0-H-\-  Aq)  = 

(Na^-O.-'PS -^^  3IiaCl -\-  SJ/^O  +  Aq),  [18G] 

191.  ARSENIC.  Ai  =  75.  —  Trivalent  or  quinquivalent, 
!  of  the  less  abnndant  elements,  but  in  roinuie  quuniiiies 
IB  widely  distributed.  Found  native,  and  in  combination 
1  with  i^ulphur  end  with  mnny  of  the  metals.     The  moat 

nndant  of  the  native  compounds  is  Mitpiciel,  Fe.%  .  FeA$„ 

d  by  Fimply  healing  this  mineral  in  a  closed  vei^sel  the  tle- 

ntary  EubsLwce  is  easily  obtained. 

2Fe,A,,S,  =  4FfS  +  As^.  [187] 


19  iilso  prepared  by  subliming  c 
ide  Rod  charcoaL 


of  arson  ious  anby- 


2As.O,  +  SC=  As,  +  SCO,  [188] 

192.  "MttalUc  Arienic,"  As,,  has  a  bright,  steel-gray  lustre, 
conducts  electricity  with  readiness.  It  i»,  thereforp,  fre- 
itly  daixed  among  the  melAb,  and  hence  tbe  irivial  name. 


» 
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Oo  tlie  other  hand,  it  ts  very  brittle,  and  closely  allied  ini 
chemical  relations  to  the  clnsa  of  elements  with  which  it  it 
grouped.     Araenic,  like  phnspliorua,  is  dimorphous,  and  i 
readily  be  crystallized  both  in  octahedrons  of  ihe  first  ^ 
and  in  rhoidbohedrons  of  the  third.     Corresponding  to 
two  formj  are  two  allotropic  modi li cations,  distinguished  a 
difTerciices  of  density  and  of  other  physical  qualities,  alt] 
these  differences  are  not  so  marked  as  those  between  tb 
states  of  phosphorus.     In  iia  ordinary  condition,  arsenic,  n 
heated  out  of  contact  with  the  air,  be^ns  to  volatilize  at  all^ 
130°  without  previously  melting,  and  it  cannot  be  brought  il 
the  liquid  condition  except  under  pressure.     The  .§)■  Gr.  i 
the  Bolid  is  6.75,  and  that  of  tiie  vapor  referred  tu 
Ileated  in  contact  with  the  air,  it  bums  with  a  pale  blue  fl 
and  the  product  of  the  combustion  ia  arsenious  anhydride,  A 
It  cannot,  however,  maintain  its  own  combustion,  am 
unless  the  temperature  is  kept  above  the  point  of  igniiion  bj" 
external  means.     At  llie  ordinary  temperature  it  rapidly  tar- 
nishes in  the  air,  and,  when  in  large  bulk,  the  oxidation  is  somo^J 
times  sufQcienlly  rapid  to  ignite  the  ma^.     Serious  accJde 
have  originated  from  this  cause.     The  burning  of  arse 
attended  with  a  peculiar  odor  resembling  garlic,  which  ii 
cliaracleristlc.     It  is  insoluble  in  water  or  any  of  the  ord 
solvents. 

193.    Arsenic  and  Ojrygm.  —  ArSfniom  Anhydrii 
— The  white  powder  which  is  formed  by  the  burning  of  at 
13  the  most  important  and  the  best  known  of  the  compoun 
this  element     It  ia  obtained  in  vexy  large  quantities  aa  ft  i 
ondary  product  in  the  roasting  of  many  metallic  or«s. 
senic  itself,  this  compound  is  dimorphous,  and  may  be  obial 
crystallized  both  in  octahedrons  of  the  first  system  am"  " 
bic  prisms  of  the  fourth.     Moreover,  when  freshly  snhlim 
appears  as  a  vitreous  solid,  and  in  this  third  state  it  ii 
times  more  soluble  in  water  than  in  the  crystalline  an 
Common  while  arsenic  Ls  only  sparingly  soluble  in  «nU 
by  continuous  boiling  with  water  tliis  crystalline  conditlonl 
changed  into  the  vitreous  (or  colloidal)  modification,  and  a 
larger  amount  enters  into  solution.     This  change,  howei 
not  permanent,  and  after  long  standing  the  excess  I 
solved  i^  all  deposited  ia  octaliedrul  crystals.     When  dlgt 
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1  the  mtDeral  acid^  or  wilh  aqua  ammonia,  while  arsfntc 
solves  stiil  more  readilj'  than  in  water,  but  on  suniling,  the 
T  part  of  the  ^$,0^  is  deposited  from  these  solutions  iu  oc* 
Ufdnl  crystab  as  before,  and  by  evaporation  ihe  whole  may 
thus  recovered,  indicating  that  no  stable  compound  bad  been 

led. 

1S4.  Arsenitti.  —  Arsenioua  acid,  ff,'-Ot-Js,  is  onlj  known 
tolation  i  and  indeed  there  is  no  evidence  tliat  As,Oa  Ibrma 

I  water  a  definite  bydrate.     There  are,  however,  several 
^-defined  arsenites. 

Potassic  Arsenile  (Fowler's  Solution)  ff^K-O^'As, 

Copric  Arsenite  (Scheele'a  Green)  H,Cu'O^^As, 

Argentic  Arsenile  (Brilliant  Yellow)  Ags-OjAg. 

The  first  ts  obtained  by  adding  to  &  solution  of  cauatie  potash 
.excess  of  J(i6>3,  and  the  last  livD  are  precipitated  when  a 
lulon  of  the  lir^t  is  added  to  the  solution  of  a  silver  or  copper 
ft.  Arscnioud  anhydride  is  a  most  violent  mineral  poison, 
la  also  a  powerful  antiseptic,  and  is  much  nsed  in  packing 
ies  and  for  preserving  anatomical  preparations. 
19S.  Artenic  Acid,  H^O^AiO,  is  readily  obtained  by  Ireat- 
^AifOt  with  nitric  acid. 

,0t+2^-0-jVO,  +  2^,O  =  2ff,=  Oj=^O+JVaO3.  [189] 

I  OT^mrating  the  resulting  solution  under  regulated  condi- 
of  temperature,  definiie  hydrates,  all  white  solids,  may  bo 
responding  to  the  three  conditions  of  phosphoric 
L  But  they  differ  from  the  latter  in  that  when  dissolved  in 
er  they  all  yield  solutions  having  the  same  pro|wrties  and 
tuning  the  same  tribafic  acid.  Prom  this  acid  a  Iiirge  num- 
of  arwniales  may  be  prepared.  The  followin;;.  all  of  which 
ly  be  ubtairicil  in  well-deRned  crystals,  are  isomorphous  with 
conresponding  phosphates:  — 


tfoi'Oi^AiO.nHjO, 


[lOO] 


IPB  mltfl  may  be  all  rendered  anhydrous  by  heat,  and  from 
•etd  alts  prodiicta  may  be  thus  obtained  cotres^ndln^  vn 
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compoaition  to  tbe  mfita  and  pyrophosphaies ;  but  when  dis- 
Bolveil  lliey  reunite  with  water  and  became  tribasic  Hence 
aqueous  solutions  of  all  these  arseniates  give,  wiUi  nrgbniic  ni- 
trate, the  same  pr^ipilate,  Ag,-0i-AtO.  This  precipitate  liaB 
a  brick-red  color,  and  enables  us  to  digliiigiiirh  an  arHeniatfl 
from  an  arseoite.  It  is  not  formed,  however,  if  an  excess  of 
ammonia  or  a  free  aiid  is  present.  On  adding  a  solution  of 
ma^'ncaic  eulpliate  containing  an  excess  of  ammonia  to  a  solu- 
tion of  an  apseniale,  a  precipitate  is  obtained,  {n^},Afff^O^  m 
J»0 .  GlfiO,  which  very  closely  resemlijes  the  oorrespoodi 
precipitate  obtained  with  a  pha^phate  under  the  same  conditloli 

19G.  Artenie   Anhydride,  As^Os,   is  obtained  i 
amorphous  solid  when  arsenic  acid  is  heated  nearly  to  ri 
At  a  higher  lemperuture  it  fuses  and  is  decomposed  into  ^ 
and  O'O. 

197.   Arsenic  and  Hydrogen.  —  There  are  two  compouiM 
a  Eolid,  HfAsf,  and  a  gas,  H„As.      The  gas  i^  formed  wbenef 
hydrogen,  in  its  nascent  condition,  comes  in  contact  with  a  o 
pound  of  art^enic,  and  its  formation  gives  us  one  of  the  I 
delicate  means  of  delecting  the  presence  of  arscni( 
poisoning.     Thus,  wlien  arsenioua  acid  \a  introduced  into] 
apparatus  evolving  hydrogen,  we  have  the  reaction 


H^^O^-Ai  +  SH-H=  3Jf,0  +  H,As. 


nl 


As  thus  obtained,  however,  the  gas  is  more  or  less  mixed  i 
hydrogerii      It  may  he  obtained  pure  by  the  following  I 


Sp,Ai,+  ((iffCiJ^Af/):^iaSnCk-^Aq)-i-21Ii,&a.  [l| 

It  is  R  colorless  ga^?  (Sp.  Gr.  33.9),  which  may  be  condense 
a  liquid  boiling  at  S0°.  It  has  n  repulsive  odor,  an  " 
ingly  poisonous.  It  burns  in  tlie  air,  forming  At^O,  and  fffi 
In  the  interior  of  the  flame  tlie  combustion  is  iraperrecl,  mi 
hence  the  dnine  dejiosits  on  a  cold  surface,  whicli  u 
upon  it,  a  brilliant  mirror  of  metallic  arsenic.  The  gas  iafl| 
compared  wlien  passed  tlirough  a  red-hot  glass  tube,  and  ai| 
ilar  mirror  ia  formed  on  tlie  inner  ourfaee  in  fronlof  ibob 
portion.  By  careful  experimenting  these  mirrors  may  h 
with  hydrogen  gas,  which  contains  only  a  ni 
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<anenlc.     When  aTseniaretlc-d  hydrogen  is  paascil  into  a  soln- 
of  argentic  nitrate,  ive  obtjim  the  following  remarkable 


iAfft  +  !6H-0-N0i  +  H^^OMiO.  [193] 

198,  Compounds  isith  the  Alcohul  Radicah.  —  Arsenic  forma 
eompounda  analogous  to  the  amines,  phoi^phiiies,  and  their  dt> 
riraliveg.  The  comiiound^  trimethyl-arsine,  (C//,)!^*,  and  tri- 
Ulyl-anine,  ( C,^)]<4i,  do  not,  however,  like  the  corre^poiiiling 
pboHpliines,  combine  directly  with  UCl  and  the  similar  acids, 
bnt  tliey  do  unite  very  readily  with  two  atoms  of  chlorine,  bro- 

ine,  or  iodine,  or  witli  one  atom  of  osygen  or  sulphur,  forming 
Alcb  compounda  aa 

iCn^i^Ai-Ck,    {C^H,)^Ai-Br^,    iC£f,),Ai-0,    {C,H,)^t-'S. 

^ey  also  unite  wilh  the  iodides  and  bromides  of  the  alcohol 
;t*dic»l>i  forming  such  compounds  as 

iCff,)tAs-I        or         {C,H^\Aa-Br, 

A  from  these  may  be  derived  basic  compounds  analogous  to 
UBOoic  hydrate,  like 

iCH^),At-0-R       or        {C,H,\At-0-H. 

Bot  by  far  the  moat  important  of  this  class  of  compounds  are 

thoK  wiiii'li  may  be  regarded  as  derived  from  a  reiuarkuble 

"    "   *ub8tun<«,  {CH,)^Ai-{CH^)^Ai,  called  kakodjl.  which 

fa  Ibrmed  when  a  mixture  of  arsenious  anhydride  and  poiAseic 

'tote  is  submiiled  to  distillation  in  a  clo^d  retort.     A  crude 

Bplex  product  \s  thus  oblaJned,  from  which  the  radical  aub- 

DOe  may  be  subsequently  separated.       Pure  kiikodyl  is  a 

otaoeously  inflammable,  eiceedingly  fetid,  famin»  litiuid. 

mMmbling  in  many  respects  the  corresponding  irompound  of 

phosphorus.     Ii  enters  into  direct  combination  wiih  several  of 

the  clement^,  and  b  one  of  the  best  defined  of  the  radical  sub- 

•Uao«a.     U.'presenling  iho  group  of  atoms  {CH:,)^Af  hy  Kd, 

«ymhol»  of  a  few  ol"  the  more  characterisiic  compounds  will 

be  la  Ibllowa :  — 
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Kaiodyl  Kd-Kd, 

Kakodj'Ious  Oxide  A'lijO, 

Kakodjliu  Oxide  M0>. 

Kakodjlic  Acid  H-  OKdO, 

Kakodylic  Anhydride  ?  I^jO„ 

Kakodylous  Sulphide  Kd^S, 

Kskodylic  Sulphide  Jid,Sa 

Bulpho-kakodylic  Add  IIS-KdS, 

Sulpho-kakodylic  Anhydride  J^'^Sg, 

KakodyluusChloride.Bromidc.or Iodide  KdCl.KdBr,  or  1 

Kakodylic  Chloride,  Bromide,  or  Iodide  Kd  CI-,.  KdBr^  or  R 

The  mutual  rotntioas  of  the  diflerent  com|)oundB  eludiedfl 
this  section  ore  illusti'atcd   by  l.be  tbllowtng  Bcliemei 
includes   all   the   known  compouuds  of  arsenic  with  i 
{Me  ==  Cff,)  and  chlorine :  — 

Jlfe,Me,Me'-Ai,  Cl,AfeM.Mg,Mt^A$, 

a,Me,Mt''A*,  Cl,OlM>;AU,MeUt, 

CI,  a.Me-^At,  CI,  CI,  Cl.Mf,M«iAt, 

Cl,a,CflUt,  Cl,Cl,Cl,Cl,MeUa. 

By  direct  anion  with  Ol.g  the  compounds  of  the  first  co\nt 
may  be  changed  into  the  compounds  of  the  secood  column  J 
the  next  lower  line,  and  the  compounds  of  the  second  colaif 
when  heated,  break  up  into  MeCl,  and  the  corresponding  o 
pound  of  tlie  fii-st  column  on  the  same  line.  Moreover,  i 
first  compound  of  the  first  column  uniies  directly  with  1 ' 
form  the  first  compound  of  the  second  column.  Be$ide«  ij 
compounds  mentioned  above,  this  scheme  includes  ano^er  d 
of  compounds,  wliich  may  be  regarded  as  formed  from  the  n 
ical  {CH^A»  (corresponding  to  ^N),  not  yet  isolated. 

iCH^)At--It,  iCH^)A>-0. 

(,CH,)Ay<%  J//0^'[{CIi,)At'0). 

They  lire  called  areenmonomethjl  iodide,  oxide,  &c^  and  U 
last.  nrjcnmonomcL hylic  acid.     It  i.s  evident  that  (ho  alon  * 
of  the  radical  is  not  the  same  in  aH  the  compounds. 


3.] 
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Compound  wilA    Chlorine,  Bromine,  and  £>dine. — 

Km  elemt^iila  tmite  direcd/  wiili  arsenic,  but  only  in  one 

ion  forming  AsC%  AtBr^  and  Jtlp     The  first  U  a 

ikl,  ilie  last  two  are  volHtile  solids  at  ibe  ordinarj  tempera- 

i  of  the  air.     Tbey  are  all  decomposed  by  water. 


2AtBr,  -f  SII,0  =  M^Of  -{-  GHBr. 


[194] 


200,  Compounds  with  Sulphur.  —  Araenie  and  sulpbur  may 
melted  together  in  all  proportions.     They  also  form  Be^eral 

It  compounds.  The  most  important  are 
801.  Redgar,  AiyS^,  a  brilliant  red  Bolid,  much  used  aa  a 
Dent,  and  found  in  nature  well  crysraliizt-d. 
202.  Orpimeat,  As^S^  a  brilliant  yellow  aolid,  ali«>  used  as  a 
!(■  Formed  whenever  arsenic  'n  precipitated  from  its  solu- 
S  by  HjS.  Also  found  crystallized  in  naiure.  Soluble  in 
Donia  and  caostic  alkuliei^,  and  prccipiuted  from  such  solu- 
3  by  acids. 

g03.  Anenie  Sulphide.  viijS,.— Only  known  in  combination. 
The  last  iwo  compounds  are  "  sulphur  anhydrides,"  and  form 
tb  the  sulphur  bases  a  veiy  large  and  iniporlaut  class  of  sul- 
lur  Mlts,  many  of  which  are  native  compounds  and  important 
etallic  ores.  The  following  reactions  will  illustrate  the  forma- 
D  of  compounds  of  thb  class :  — 

■A+i*K-0-If+Aq)  = 

{NJC^-O^^A»  +  M,K.jSM>  +  iiiO-\-  Aq).  [195] 

%lfa,^Ot^Ai  +  5H,S  +  Aq)  = 


ZB.fi  +  Aq).  [196] 


Siilpho-ar$enile$. 
Hexagonal 


Orthorhombic 
Orthorhombic 


Ag,^S,^AM, 
lCu^,lS,iAt,.FeS, 
Pb^S,-A$A 
Pb^iSM'A 


Sulpho-arteniales. 

Orthorliorahic  [C^,]jt5;!(^«.9), 


These  symhoh  should  he  compared  with  tho^e  of  tbe  ( 
Bponding  compound:'  of  antimonj',  in  conneclioa  with  t 
tlieir  mutual  relations  will  be  expliuued. 

204    Cfiaracteriilic  Heacltout.  —  Tlie  importance  of  pro^ 
Ihe  presence  or  absence  of  arsenic  in  cases  of  £uspecl«d  poi) 
ing  has  led  to  a  most  careful  Kludy  of  the  characterietjo  n 
tions  of  (bis  element,  and  hence  our  knowledge  on  ihase  pa 
u  unuBually  accurate  and  full.     The  most  striking  of  these4 
iictions  have  already  been  given.     Furlber  details  or  de» 
lions  of  methods  by  which  arsenic,  even  when  in  minute  qui 
titie«,  may  be  detected  and  distinguished  from  aniimouy 
beyond  the  scope  of  the  present  work. 

205.  ANTIMONY.  ,Si  =  122.  —  Trisalenl  or  quinqui 
lent.  This  element  is  less  abundantly  distributed  ibun  u 
although  found  in  similar  associations.  Tlie  most  abundant  I 
live  compound  is  the  gray  sulphide  (Antimony  Glance).  • 
which  occurs  not  only  in  a  pure  ftaie,  but  also  in  combinsi 
with  otlier  metallic  sulphides.  Antimony  is  sometimes,  elihoi 
ruely,  found  in  tbe  metallic  state,  and  likewise  in  combinsU 
with  oxygen. 

206.  Metallic  Antimony,  Shi,  is  most  readily  extracted  frt 
the  native  sulphide  by  smelting  the  ore  with  metallic  iron. 

Sh.,S,  -f  ZFe  =  ZFtS+  Sb,  [II 

It  is  also  extracted  by  first  roasting  the  ore, 

256,^  +  90-0  =  25J,0,  +  650„  [1! 

and  then  melting  with  charcoal  and  eodic  carbonate.  The  I 
converts  int«  oxide  the  small  portion  of  the  salphide  wtiidi 
capcd  oxidation  in  tbe  roasting  process, 

and  the  charcoal  reduces  the  oxide  to  metallio  antioiony, 

54,0, +  3(7=  5Jj  + SCO.  [20 

By  oxidizing  the  crude  metal  with  nitric  add,  and  BgUB  i 
dueing  wiih  charcoal,  the  antimony  may  be  obtained  is 
pure  condition. 
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Antimony  ia  closely  allied  to  arsenic,  but  possesses  the  prop- 
Arties  of  n  metal  to  a  Btili  higher  degree.     It  has  a  bright  ine- 
tallio  lustre,  vrhich  it  preserves  in  the  air.     It  has  n  high  Sp. 
Gr,  (6.7),  anil  conducts  heat  and  electrit^ily  with  facility.     Its 
jducLiDg  power,  however,  is  inferior  to  that  of  the  perfect 
ttalfi,  and,  mortjoyer,  it  is  very  brittle  and  may  he  readily  re- 
eed  to  powder.     It  has  also  a  highly  crygtalline  structure, 
i  tike  arsenic  it  may  be  obtained  crystallized  both  iu  rhom- 
Obedrons  of  the  third  system,  and  in  octahedrana  of  the  lirsl. 
e  first  is  the  common  form,  and  lumps  of  the  metal  may  some- 
lea  be  cleaved  parallel  to  the  rhombohedral  pltines,  wtiicli  are 
klirays  more  or  less  eFidenl  on  the  fractured  surface.    Antituony 
■telia  at  430".  and  it  volatilizes,  but  only  very  slowly,  ui  a  full 
«d  beat.     The  melted  metal,  when  beated  in  the  air,  slowly  ox- 
diaea,  and  before  the  blow-pipe  it  burns,  ibe  product  of  the 
■lion  being  in  either  ca^e  Sb^O^     Antimony  is  only  very 
Bgiitly  acted  on  by  pure  hydrochloric  acid,  even  when  concen- 
cated  and  boihng ;  but  on  the  addition  of  a  very  tmaU  amount 
f  nitric  acid  the  metal  dissolves  easily,  forming  a  solution  of 

{2SbCk  +  etf^O  -f  Aq)  +  6ifO,  [201] 

nilh  the  aid  of  heat  it  dissolves  in  strong  sulphuric  acid. 

S&,  +  ^ff.SO,  =  Sbt\0^l{SO,)^  +  $S0,  +  6/^,0.  [202] 

Nitric  acid,  when  in  ezcea*,  converts  the  metal  into  a  white 
lowder  insoluble  in  the  acid  (chiefly  ^AjO,).  If,  howevi-r,  the 
litric  acid  contains  a  little  hydrochloric  acid,  the  product  is 
qeuntimonic  acid. 

2iI'0-S&0j  -\-  ff,0  +  IffOi  -\-  2IfO.  [203] 

Lastly,  antimony  dissolves  readily  in  a  mixture  of  tartaric 

ml  nitric  acidic  whii.'b  is  one  of  the  best  solvents  of  ihe  metuL 

llelkUic  antimony  is  chiefly  used  in  the  arts  to  alloy  with  other 

o  which  it  imparts  a  greater  harilneas  and  diirnhility. 

^pe-raetalisannlloyof  four  parts  of  lead  and  one  of  antimnny. 

t  aJloy  expands  in  "  setting,"  and  therefore  takes  a  sharp 


impression  of  ibe  mould  in  which  it  Is  cast ;  and  thia  p 
SA  well  as  the  hardness,  rendcTS  lype-ineial  peculiarlj'  bi 
to  the  importaDt  use  to  which  it  b  applied.     BrilAQnio 
an  allo^  of  bruss,  antimony,  tin,  and  leail,  much  used  u  the  b 
of  plated  riher-nai'e,  also  owes  iu  hardness  and  durability 
the  antimony  it  ci 

207.  Antimony  and  Chlorine.  —  Antiinonioia  CMor 
Sb  Ctp  —  A  Holution  of  this  compound  is  readily  obtained  ei 
by  [2013  or  by  dissolTing  the  native  sulphide  in  hydiodili 
acid.  On  evuporating  the  excess  of  acid,  and  distilling  the  T 
due.  the  chloride  is  obtained  oa  b.  white  crystalline  solid, 
di'liqueacenl.  very  Tolatile,  and  melts  so  readily  (72°)  that 
was  formerly  known  as  butter  of  Mitimony,  The  Sp.  Gr. 
its  va[)or, as  found  by  experiment,!^  112.7.  Antimonioust' 
ride  may  also  be  oblained  by  distilling  antimony  or  antimoD 
sulphide  wiih  mercuric  chloride,  and  al^o  by  distilling  a  mix 
of  antimoniouB  sulphate  wi:h  common  salt. 

Sb,  -\-iffffClt=  Sb^Hg^  -\-  lllg.;\  Cl^  -\-  2  SbOl^  [S 

SbjS,  -f  SNgCl,  =  SffgS  +  SSb^V         [1 

SbJO„i{SO,),  -j-  QNa  a  =  3Na/0fS0,  -\-  2SbCl^  [21 

Antimonious  chloride  is  decomposed  by  wtiter,  forming 
insotuble  oxychloride  and  hydrochloric  acid.  Hence  the  at 
tion  obtained  by  [201]  becomes  turbid  when  diluted  with  wi 
The  prewnce  of  tartaric  acid  in  sufficient  quantity  prerenti 
decomposition,  and  a  solution  of  this  acid  dissolves  the  oxyd 
ride  when  formed.  By  long-conilnued  washing  the  oxychlor 
may  be  converted  into  nntimouious  oxide. 

(5AC7,  +  ff^O  -j-  Ai)  =  SbOCI  +  (iffCl  -\-  Ag).  [20 

2 SMM^I  +  (//,0  +  Aq)  =  Sb,0,  -}-  {2Z^a 4-  Ag).  [S 

AnlimoniouH  chloride  combines  with  the  chlorides  of 
tnetuls  of  the  alkalies  and  of  the  alkaline  earilia.  and  forml 
ubie  cryttalline  salts.  Hence  it  may  be  mixed  with  cooi 
trated  wlutions  of  iheae  chlorides,  as  also  with  strong  li7< 
chloric  acid,  without  undergoing  decomposition.  The  foUoi 
are  the  ayrabols  of  a  few  of  these  doublo  chlorides,  which 
beat  regarded  at  moleculai  com^uwk- 


3KCI.  SbCk,  iKCi.  S6Cl„ 

9ifaVl.  SWl,,  RiClt.S&Cl,.2m,0.' 

S03.  ATilimonie  Chloride,  SbCly  may  be  formed  by  pnssing 
Alorine  gaa  over  SbC%„  or  by  aciiug  on  ihe  metul  with  an  ex- 
of  the  same  rengent  It  is  a  volatile,  fuming  liquid,  which 
tadily  purts  with  two  Tiltba  of  its  chlorine,  Bad  is  therefore 
'DoMimei  used,  like  PCIt,  as  a  chloridizing  agent.  It  is  at 
see  decomposed  by  water.  'Wilh  only  a  amall  quautiiy  it  forms 
lexychloride  (compare  [185]). 

//,0  -I-  54(7,  T^  2HCI+  SbCl,0.  [209] 

fiih  an  excess  of  water,  eilber  oriUo-aniimonic  acid  or  pyro- 
Itlmontc  acid  re^^ults. 

SbCI,  +  AB^O  =  ff,-=0,-'SbO  +  5HCI,        [210] 

iSbCl,  +  7ff,0  =  B.tO^iSb^O^  +  \OHCl.    [211] 

tin  presence  of  tartaric  neid  prevents  these  reactions.  By 
ibo  action  of  H^S  on  SbC'U  a  eulpho-cbloride  may  be  formed. 

SbCh-\-  IitS=  SbCkS -\-  2HCI.  [212] 

A  bromide  of  antimony,  SbBr^  and  an  iodide,  Shl^,  are 
■dily  fumicii  liy  tlie  direct  action  of  these  elements  on  the 
no  penta-bromide  or  iodide  Las  yet  been  obtained. 
!hey  are  both  fusible  and  volatile  solids,  and  when  acted  on  by 
mier  are  converted  into  SbBrO  and  SblO.  The  correapond- 
ig  fluoride  dissolves  in  water  without  decomposition,  and  forma 
ith  the  alkaline  fluorides  a  number  of  double  salts. 

ZNtiF.SbFy,  2{ir,2f)F .  ShF^  KF.SbF^ 

209.  A  nf! atony  and  Oxygen.  —  ArUimonious  Oxide.  SbjOp 
-Tliis  compound,  already  mentioned  as  a  product  of  the  direct 
tidaliiHi  of  antimony,  mny,  like  A»,0„.  be  obtained  erysialliied 
uh  in  octnbnlrons  of  the  first  system  or  in  rhombic  prisms  of 
le  foarih,  and  on  this  difference  of  form  depends  the  distints 
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tion  between  ihe  two  minerals  Senarmontite  and  TbL 
both  of  which  consist  of  this  same  tubslAnce.     The  o 
most  readily  prepared  artiiicially  b;  pouring  a  solution  of  Sifl 
[201]  into  a  boiling  Bolution  ofsodic  carbonate. 


(JlNoi-OfCO  - 


-  2SiC4  +  Aq)  = 


Aq)  -\-  3(MV  pi 


Antimonioua  oside  acts  bollt  as  a  basic  and  as  a 
dride,  ulUiougb  the  Grst  is  by  far  its  most  marked  char 
It  is  but  very  slightly  soluble  in  water.     When  lli«  solut 
SbCl,  u  poured  iiiio  a  cold  Bolutlou  of  eodic  carbouau^  I 
liave  iLe  reaction, 

{tNa^^OiCO  -f-  2SI.Ck  +  H,0  +  Aq)  = 

2H-0-»l»OH-(6AaCT+ A)+3®9„  [li 

and  the  product  may  be  regarded  as  metantimonious  addj 
it  di^solvtM  in  caustic  alkalies  and  forms  dcSnite,  although  vl 
mistable,  Milts.     On  the  other  hand,  the  oxide  dissolves  in 
ing  sulphuric  and  fuming  nitric,  as  well  as  in  hydrochloric  « 
forming  crystalline  salts,  in  which  the  antimony  plays  the  9 
of  a  basic  radical. 

The  mo5t  important  salt  of  thi»  class  is  that  formed  by  J 
solving  Sb,0,  in  a  solution  of  acid  polsssiu  tartrate  (cr 
tartar).     This  compound  b  very  much  ured  in  medicine  a 
emetic,  and  hence  the  trivial  name  tartar  emetic.    Taitaric  1| 
is  lelratomic,  but  only  bibasic  (43),  and  we  have  lie  ft 
series  of  compounds :  — 


Tartaric  Aci<l  H^ ,  H^i 

Neutral  Potaspic  Tartrate  K^ ,  H^- 

Acid  Polas>ic  Tartrate  KJt,  H^i\ 

TartarEmetic  (crystallized)      K,SbO,^,i 
"  after  heating  to  200"     K.Sbi 

It  will  be  noticed  that  in  forming  tartar 
SbO  of  the  compound  ff-OSbO  lakes  (lie 
of  basic  hydrogen,  which  stilt  remains  unn 
tartar.     On  heating  the  crystallized  salt  to 


0,i((?.^,fl,), 
0,--(Ctff,Oi), 


place  of  got  al 
■placed  in  c 
100"  it  g 


r  of  crystallization.  At  200'  it  gives  off  an  addilional 
of  wat«r,  rormed  at  the  expense  of  tlie  oxygen  in  the  rad- 
ust  mimed  and  of  the  two  atoma  uf  hydrogen  distinguished 
l^ive  in  the  aeid ;  and  it  will  be  seen  that,  iu  the  anhydrous 
b  tlina  obuliied,  one  atom  of  aotlmoDy  take^  ihe  place  of  three 
pical  atoms  of  hydrogen  in  tartaric  acid.  Compounds  similar 
Uirtar  emetiu  may  be  made  in  a  similar  way  with  the  oxides 
'  anenic,  bismuth,  and  uranium.  Their  symbols  difler  from 
Bt  of  tartar  emetic  only  in  having  tlie  radicals  MO,  As  Of, 
to,  or  170,  in  place  of  SbO,  and  Ihey  undergo  a  sinjilar  de- 
BQposition  when  heated.     Compounds  of  the  same  class  rnay 

0  be  obtained  with  other  anhydrides  than  those  of  ihe  group 
elements  we  are  now  studying  (as  Fe^O^  0,0^.  BiO^,  4.C.), 
d  wben  it  is  further  added  that  the  poiaHsinm  in  these  com- 
landa  may  l>e  replaced  by  other  univalent  radicals,  or  even  by 
valent  radicab  soldering  together  two  nioleculos  of  the  ordi- 

y  type,  it  will  be  »een  that  a  very  large  numbt^r  of  such 
■  art:  possible.  Lastly,  the  fact  that  a  compound  has  been 
jMired  iu  which  two  of  the  typical  ntomg  of  hydrogen  are 
^Isced  by  the  positive  radical  ethyl,  wliilo  the  other  two  are 
>Uccd  by  the  negative  radical  acetyl,  and  the  additional  fact 
It  no  salt  can  be  obtained  in  which  all  the  four  atoms  are  ro- 
ll l»y  a  well-rfefincd  positive  radical,  give  a  strong  presump- 
1  favor  of  the  fonnulie  of  the  tarlratea  adopied  above. 
Antlmonious  oxide,  wben  heated  out  of  contact  with  the  air, 
itilizes  unchanged,  but  under  the  same  conditions  in  the  air  it 
ns  like  tinder,  forming  a  highpr  oside,  ShjOt,  which  is  fixed, 
D  at  a  high  red  beat.     By  ignition  with  charcoal  or  hydrogen, 

1  ibe  oxides  aro  readily  reduced  to  the  metallic  slate. 
21(1.  jintimonie  Acid.  —  The  reactions  have  already  been 

en[303],  [210],  [Sll]  by  which  the  three  conditions  of  tliia 
i  may  be  prepared.     They  are 


Metnntiraonic  Acid 
Orlhoantimonic  Acid 
Pyroanlimonic  Acid 


H-O-SbO^ 
Jl^=O^^SbO. 
H^^O,'Sb,0,, 


^rroanlimonic  acid  may  also  be  prepared  by  acidifying  tfae 
of  add  polaasic  pyronntimoniate  muiilioued  below, 


but  when  this  precipitale  is  dried,  it  loses  wall? 
into  mctaniimonic  acid, 

The  existence  of  orthiMciiimonic  acid  bns  not  been  W 
well  established,  but  tbe  other  two  are  well  known,  and  n 
of  their  tolls  have  beeQ  investigated.     The  most  iutercsting 
these  RalU  is  obtained  by  fusing  luitimonic  anhydride  with 
excess  of  potaaaic  hydrate,  .and  extracting  the  fused  a 
water.     An   alkaline   Bolution   is  obtained,  containing  k 
whose  composition  is  expressed  by  the  symbol  /^A',^0,!5J^ 
This  BolulioD  produces  a  precipitate  in  solutions  of  sails  of 
diatD,  and  is  sometimes  used  ns  a  reagent  in  testing  for  ' 
element     Tlic  sodic  salt  thus  precipitated  has  ihe  c 
Hi^at'0,iSbiO,.QHtO.     Antiraonic acid,  in  either  of  ItaCj 
ditions,  ia  insoluble  in  water,  as  well  as  the  aniimonintes.  i 
a  few  exceptions.     In  this  respect  they  frequently  difiFer  ft 
the  corresponding  compounds  of  phosphorus  and  arseniCi  wl 
'    they  closely  resemble  in  molecular  constitution. 

211.  AniimoTiie  Anhydridt,  Sb^Oi,  ia  readily  prepared 
gently  heating  mctanlimonic  acid,  llie  product  ofrenctioD  [Sll 
It  ia  a  pule  yjllow  powder,  insoluble  in  water.  Fused  u  ' 
kaline  hydrates  or  carbonates  it  yields  vttrious  antinionUl 
When  ignited  alone  it  gives  off  one  fifth  of  its  oxygn'n.  and 
product  is  the  same  white  powder,  Sh^O,,  which  i^  tnrm^i 
the  oxidation  of  aiitimonimis  oxide.  This  intermediate  oi 
is  the  most  stable  of  the  oxides  of  antimony.  It  ia  someltni 
called  anlimonious  acid,  and  when  fused  with  i!ie  alknlira 
enters  into  combinalioo  with  them,  but  the  products  thus 
tained  may  be  regarded  as  mixtures  of  an  umimonile  ond 
antimoniate,  and  the  oxide  itself  appears  to  be  an  antiman! 
of  antimony,  SliO-OSbO^  A  rare  mineral  called  CeiTM 
has  the  same  composition. 

212.  AniliTiony  euid  Ili/drogen,  —  AniimoniuretUd  h 
SjiSb.  —  Wliea  any  soluble  compound  of  nniimony  is 
an  apparatus  evolving  hydrogen  [M],  we  obtain  a  prod 
closely  re--cmbling  arseniu retted  hydrogen,  but  coDtuningf 
mony  iosleod  of  nraenic. 

ShCJ^  -\-  %H-H=  N„Sb  -f  SffCfl  pi 
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he  aDtimony  compouad  thus  formed  is  alwaya  mixed  with 
inch  hydrugeu  gus,  and  lius  uot  yet  hevn  obtained  ia  n  pure 
Wlien  burnt  in  uir  it  yibliid  water  a 


^//,A'«  +  80-0=  Sk,Oi  -\-  311,0.  [218] 

burnt  aguin^t  a  cold  Eurface,  io  that  the  combustion  is  idcori- 
ttv,  the  MiliDKiDy  is  de[>osiicd  and  a  melollic  mirror  is  formed. 


4//,.S'S  +  30-0=  S\  +  6/Z,0. 


[-219] 


le  componnd  le  decompoM.sl  and  a  similar  mirror  formed 

the  gai  i»  poAMid  througti  a  rcd-liot  tube. 
When  tho  ga»  U  traiDiniittL-d  ibixiiigb  a  solution  of  argL'iitiu 
ttata  we  gut  ibu  reautiou 


0-NO,  +  A<!)  +  IfySb  = 

Jff,Sb-i-(iff'0N0,- 


-Ag).  [220] 


Ut  motion,  and  tlic  well-<-»tablieljed  irivak'nl  character  of 
iliaMtny,  Ux  the  rouiposition  of  tmtimoniurt^ltcd  liydrcgen  be- 
nd M  ruiMinnbk'  douliL 

Compotindit  of  antimony  with  llie  alcohol  radicals  Imve  been 
1,  both  aflt^r  tlie  type  of  ammonia  and  that  of  the  am- 
iniam  tulM.     Thug  we  have 

Trim<-thyl-5tihine  (0/1:,)-,.%, 

Trimcthyl-ttibine  Chloride  (CI!^),Sba^ 

Trimtthyl-slibii.«  Oxide  (C/A),S»0, 

Telramothyl-slilonium  Iodide  (CI/,),Sbr. 

Tetramclliyl-Btiboiiium  Hydrate  (  CH^)^Sb-0-l}, 

d  (li«  eorn'sponding  compounds  of  ethyl  and  amy!.  Tlie  re- 
n  of  Irietbyl-Bijbine  on  hydrochloric  iicid  is  inten^ating,  as 
It  {Iltuimtcs  the  serial  reluiions  nmons;  the  group  of  clnmentg 
W*  arc  Hludying.  (C,ffs},Sb  not  only  does  not  combjnp  with 
d^CA  but  actually  decomposes  the  acid,  yielding  (C^f,):,SbClt 
kil  ff-ff.  Compounds  of  antimony  corresponding  lo  those  of 
e  kakodyl  group  are  not  known. 

213.  Antimony  imd  Z'nr.  — There  are  two  very  Wi'll  marked 
tatlHiD  oompoands  of  antimony  and  eine,  Zn^Sb,  and  Zn^Sb^ 
h  ^e  atilt  fDitber  evident  of  the  naaal  triviUent  charao- 
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ter  of  antimony.    The  oorapoun']  ZiitSbf,  moieorer,  dieoinpoi 
WAter  witli  the  evolution  of  hydrogen  gai. 

814.  Antimony  and  Sulpliur  (Orudt  Andmony). — A* 
monioui  Salpkide.  Sb^Sy —  The  gi'ay  sulphide  of  antiinoii/l 
alrei»dy  been  iioliced  ati  a  nalivo  pioduct.  It  is  known  to  a 
eralogisls  as  Auiimony  Glaii<:e,  and  is  distinguished  by  ils  p 
fusibility.  Large  ppUnlers  of  the  mineral  readily  melt  in 
mndle  flame.  Hunce  it  is  easily  separated  by  fusion  frocn 
^angue  with  ivhirh  it  ia  found  associated,  and  ihe  procM 
termt-d  "liquation,"  Its  crystals  have  a  bright  metallic Ini 
mid  the  form  of  rhombic  prisms  of  (be, fourth  system;  bi 
etrong  tendency  to  longitudinal  cleavage  gives  to  them  t,  Itti 
appearance. 

When  antimony  and  sulphur,  or  antimoniOu^  oxide  and 
phur,  are  melted  tt^iber  in  proper  jiroporlion?,  a  cocapooti 
obtained  similar  lo  tlte  nativu  sulphide.     Mort'over,  a 
tale  of  the  same  composition  falls  when  B^S  is  passed 
Uie  solution  of  any  antlmonious  compound.     This  pre 
however,  has  a  brick  red  color,  and  is  probably  an  i 
modifieatlon  of  the  native  gmy  compound.     It  is  insoIuUt 
dilute  hydrochloric  acid  when  cold,  but  readily  dissolves  in 
hot  aciil  if  moderulely  concentrated.     It  is  also  soluble  in  « 
tions  of  aikaline  hydrutt's. 

5VS  +  (6A'-0-ff  +  At,)  = 

From  this  solution  it  'n  again  precipitated  oti  the  addition  of 

(AV-S'-^i  +  AVQj^S*  +  67/(7/ +  A<i)  = 

Sb,S,  +  (GAO  -{-  3ff>0  +  Ag).  p 

In  like  manner  it  dissolves  in  solutions  of  alkaline  sat 

hydralfs. 

56,5,  +  (GA'--S-//+  ^9)  = 

Antimonious  sulphide  is  n  strong  gulpho-an hydride, 
many  of  its  sails  are  important  minerals.  Tlie  follovnngl 
fen  e^camplek     We  give  the  symbuh  in  ihcir  Bimplext  li 


ii] 
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in  the  minerals  themselves  ttie  antimony  is  frei^uently  more 
le«g  replaced  by  arstinic,  anil  ibe  principal  metallii:  radical 
Mhera  isomorphoua  with  it.  Tliese  corapounds  are  best 
eifled  bj  referring  them  to  a  series  of  assumed  sulphur  acids, 
lied  lo  each  other  like  the  Glicces^ive  uuhydridea  of  ibc  ox^' 
wide  (lSI)i  but  derived  from  the  normal  coni^iouiid  of  the 
n  by  eliminatiog  Bucceasive  molecules  of  J/^.S.  They  may 
diiiingubbed  as  ortho,  meia,  and  pyro-i>uliihiiMiLRicinites,  but 
n  iRnns  have  no  special  appropriateness  except  so  far  a.i 
f  imply  a  distinction  analogous  to  that  which  oblaius  be- 
rimilar  oxygea  compounds. 

OrC/io^u!phantimoniCes. 

Hei  agonal  Ag^'S^-Sh, 

Orthorhonibic  Affa-S^-Sb ,  AiffS, 

Orthorhonibic  Ag,'Sa=Sb.3Ag^ 

Ortliorhombic  ([  flij,/vi)i^iiri„ 

Monoclinic  ?  Pb^lSttSb, .  IH>S, 

hometric  [  CdjJjkSiS^Aj .  ZnS. 

Meta-tuiph  anlimonitei. 

Monoclinic  AgSSbS, 

Orlhorhombic  Pb=.%'Sb,St, 

Orlborhombic  Cu-Si'Sb^St, 

Ft-.%-Sb,Sr 

Pyro-i  ii/pfi  antimon  ites. 

(feather  ore)         Orlhorhombic  Pb^^S.^Sb^S. 

edebeniie     Monoclinic    3Affi^.%„.SbtS .  iPb^-St„.Sb,S. 

few  points  in  connection  with  the  abore  formuisc  rctiuire 
ler  explanation.  Of  Uie  three  dyad  atoms  which  compose 
ho^c  radical  of  the  mineral  Boumonite,  two  are  atoms  of 
1  one  a  double  atom  (34)  of  copper.  Now  wc  may  either 
that  each  molecule  of  the  mineral  is.  constituted  as  our 
K>I  would  indicate,  or  wa  may  regard  it  aa  a  molecular 
"  two  distinct  compounds,  namely,  [_Cu^']:,-S^Sb, 
containing  for  every   two   molecules 


wgyrile 

plianile 

^buite 

iraouite 

iRghiiiiifl 

nhedrite 


Uiargyrile 
Zinkmiite 
ChoIcoetibiU 
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of  the  last  one  molecule  of  the  Iirst     In  FroieslebenilO)  b^ 
ever,  the  proportions  of  Gilver  and  lead  are  such  that  iLe  o 
position  of  the  mineral  can  only  be  atxuratdj  expre3K<l  in  i 
■econd  of  the  two  waj's  just  indicated,  and  this  ia  the  gtmn 
mle  in  the  mineral  kingdom.     Again,  the  minerals  Stcphan 
Potybaaite,  Meneghinite,  and  Tetmhedrile  may  be  beat  n 
aa  molecular  aggregates  of  an  ortbo-aulphantiraonite  aad 
pie  metallic  suljihide,  in  which  tlie  last  piaya  very  mi 
etune  part  as  the  water  of  cryatallizaiion  in  our  ordinary  « 

Id  all  the  above  ca^es  ilie  rci'ults  of  anoly.'^is  would  indit^ 
a  great  constancy  in  the  relative  number  of  heterogeDeous  n 
culea  which  enter  into  the  coropo<<iiion  of  the  mineral ; 
other  cases  no  such  couslancy  ia  observed,  and  oi 
found  replacing  another  in  almost  any  proportiot 
hedrite,  for  example,  we  frequently  And  the  copper  more  or  Ij 
replaced  by  silver  or  mercury,  tbc  antimony  in  like  □ 
placed  by  arsenic  or  bismutli,  and  the  zinc  by  iron.     Thufl 
ezpresa  by  wiilang  the  eymboU  of  the  replacing  elements.! 
gether  within  the  same  brackets.     Thus  [[  Cu^'^.Affj.Sy]  ai 
for  only  one  atom,  but  indicates  that  in  the  niinend  the  o 
is  more  or  leas  replaced  by  silver  and  mercury.     So  alM  I 
symbol  [Zo.ffJ  represents  only  one  atom,  but  indicatea  f 
the  zine  is  to  a  certain  extent  replaced  by  iron.     In  iu  d 
general  Ibrm  the  symbol  of  tetrahedrite  would  be  written,— 

This  symbol  indicates  nothing  in  regard  to  the  relative  pro 
tions  of  the  elementa  enclosed  in  the  aame  brackets,  and  in  fl 
this  proportion  is  variable  in  different  specimens  of  the  a 
mineral,  hut  it  does  show  that,  so  far  as  the  number  of  aloi 
concerned.  [[  C«j],  Jj^^y]  :  lSb,Ag,Bi}  ;  lZn,Fr']  =  3 : : 

It  ifl.  of  course,  imppssible,  according  to  our  present  thM 
that  each  molecule  should  have  this  complex  constitution  1 1 
we  may  suppose  that  in  the  mineral  there  are  certain  ro^ 
containing  one  set  of  elements,  and  other  molecules  a  4ill 
set,  the  actual  specimen  being  an  aggi'egate  of  all  ;  and  il 
we  must  suppose  that  there  are  two  kinds  of  molecular  t 
gation,  one  in  which  the  molecules  are  nnited  in 
definite  proportions,  and  a  second  where  they  are  merely  tt 
in  any  proponlons  which  accident  may  have  deteriuincd. 


!I5.  AHfimonie  Sulphide.  Sh^S,.  —  Wlien  ^,S  is  passed 
a  suluuoQ  of  SbC/g,  an  orunge-colored  preeipitale  is 
I,  lutving  the  oompositioD  which  our  symbol  indicates. 
auy  be  questioned,  however,  whether  ihe  precipitate  is  not 
intimate  mixture  of  Sb^Ss  and  S'S,  for  when  treated  with 
^hlde  of  carbon  two  fitlhs  of  the  sulphur  is  dissolved,  Sb^S, 
bg  left;  and,  moreover,  it  is  decompoBed  by  boiling  hydro- 
orie  nctd  into  SbCl^  Jf,S,  aad  S^S.  On  the  other  hand,  it  is 
iolred  in  alkujine  hydrates  and  euiphides,  forming  sulphaoti- 
ni&tes.  and  from  thei%  solutions  the  same  substance  is  again 
icipitaied  on  the  addition  of  an  acid. 

{3Kt--0,'^SbO  4-  5A\'S»--SbS  +  12/40 


Sb^,- 


A',).  [224] 
(HKtS-i-Jg)  =  (2K,'=S„'-SbS -{^  Aq).  [225] 


;»,^'565+  6/rC/  +  Aq)  = 

sb,.%-\-(&Ka-\ 


Aq)  +  3//,&  [22G] 


2I«.  ChartKter!n!c  Reactiont.  —  The  formation  of  the  red 
Ipbidfl  by  the  action  cX  Jf^S  is  one  of  the  most  eharactei-istic 
licstions  of  the  presence  of  antimony;  but,  before  this  lest 
II  be  applied,  the  antimony  must  be  separated  from  all  those 
Snenta  which  would  obscure  the  reaction,  by  the  well-known 
Slhoda  nf  qualitative  analysis.  The  blow-pipe  renclions  of 
limony  are  also  very  characteristic.  T^ey  consist  in  the  foi^ 
ttion  of  a  brittle  metallic  bead  or  a  coating  of  volatile  oxide 
>  charcoal,  and  in  the  peculiar  bluish-green  color  which  this 
idn  inipnrts  to  the  blow-pipe  flame. 

117.  BISMUTH.  a"  =  2J0.—Trivalentand  quinquivalent. 
IS  of  the  rarer  elements.  Usually  found  native,  sometime* 
Bbined  with  sulphur,  in  bismuth  glance,  Bi^S^.  and  rarely 
Ih  both  sulphur  and  tellurium,  in  telradymite,  Bi^Te^S.  Me- 
Ee  lAwDuth  i.i  readily  eiimcted  from  the  native  mineral  by 
lion  (liquationj.  After  the  analogy  of  phosphorus  and  ar- 
ric  we  assign  to  the  elementary  subetance  the  molecular  for- 
llk  Ja,;  but  since  (he  metal  does  not  volafiliic  except  at  a 
fj  h^h  temperature,  we  have  not  been  able  to  determine  lU 
ight  experimentally.  Bismuth  melM  at  265°,  and 
allagrN  which  are  remarkable  for  their  greal  (unUVi^;;. 


nisMUTD-  [jns. 

An  alloy  containing  two  parts  of  bismuth,  one  of  leail,  ainlmiB 
of  tin,  melts  at  about  94°,  au'il  the  ndilition  of  cadmium  reduce 
the  melting-poiot  still  lower.  These  alloys  expand  on  bid- 
eninv,  and  are,  therefore,  useful  for  making  casts. 

As  we  descend  in  the  series  from  aniimony  to  bismiiili,  the 
metallic  qualities  become  still  more  miirkcd.  The  Sp.  Gr.  vt 
bismulli  equals  9.83.  Its  lustre  is  briUianl,  with  n  rcMih 
tinge.  It  is  less  brittle  than  aniimony,  and  even  is  sliflnl; 
malleable.  Bismuth  may  readily  be  erysialliied  in  rLomboh»- 
drons  isomorphous  with  those  of  antimony ;  but  it  has  iinl  jel 
been  crystallized  in  forms  of  the  isometric  system.  Bisnmli  il 
not  dissolved  by  strong  hydrochloric  acid,  nor  even  by  Bulpliutw 
acid,  except  when  concentrated  and  boiling.  Nitric  acid  rest 
ily  dissolves  it  with  evolution  of  JVO„  forming  a  well-wysul- 
lized  nitrate  (distinction  from  antimony).  The  metal  alrodit* 
solves  in  aqua-regia,  and  combines  directly  with  chloriDt!,  bro- 
mine, and  iodine. 

218.  BUmulh  and  the  Alcohol  Radkah.  — No  compound  flf 
bismuth  and  hydrogen  is  known,  but  bismuth  combiner  viA 
ethyl,  forming  a  very  unsfable  liquid,  which  inflames  spontane- 
ously in  the  air  and  explodes  ut  150°.  It  has  the  compositioa 
(tV//j),fit',  and  from  it  may  "be  obtained  the  (compound  {CJti)t 
MI,  in  yellow  six-sided  crysulline  plates.  Tliis  is  tlie  iudidi 
of  a  bivalent  radical,  which  forms  al^  definite  but  very  uufr 
ble  compounds  with  chlorine  and  oxygen,  and  is  cn{>abletfl 
replacing  the  hydrogen  of  nitric  or  sulphuric  acids. 

219.  Biimuth  and  Chlorine.  —  Only  one  compopnd  of 
muth  and  chlorine  is  known,  BiOl^,  and  this  may  be  obi  ' 
either  by  passing  elilorlne  over  the  metal,  by  distilling  the 
with  corrosive  salilimale,  or  by  distilling  the  re»due 
when  a  solution  of  the  metal  in  aqua-regia  is  evaporated  toi 
ness.  The  product  in  either  case  is  a  very  fusible  mA 
solid  resembling  the  corresponding  compound  of  antiraonj, 
dissolves  in  bydnwhloric  acid,  but  is  decomposed  by 
hydrochloric  acid  and  insoluble  oxychloride  of  bismuth,  A'l 
The  same  oxychloride  is  precipitated  when  a  solution  of"' 
tiious  nitrate  is  poured  into  a  solution  of  common  salt.  Il 
brilliant  white  powder,  known  under  the  name  of  peari 
ftnd  much  used  as  a  cosmetic.     It  is  insoluble  in  tarti 

mic  sulphide,  or  Bolution  of  potash,  and  is  thus  dtat!) 
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iN  ox<rchloride  of  antimony  predpilated  Dnder  timilar  oortf]!' 
t>^  BiitiiuUialii!  cliloridiT  ciimbiiir'S  'with  h^'drocliliiric  add 
d  the  alkaline  chloriiles  to  form  double  salu,  and,  like  SbCl,, 
if  bo  mixed  with  concentriited  solutions  of  the^e  compouods 
itiiiui  andergotng  derum position. 

Tbv.  oompounds  of  lii^muih  with  bromine,  iodine,  and  fluorino 
I  Bilir^  Jii/^  and  BiFi,. 
220.  Biimulk  and  Oxygen.  —  Metallic  biamulb  doea  not 
niah  in  iho  air,  but  at  a  red  heal  tlm  mtlied  metal  »lowly 
idisefii  and  before  llie  compound  blow-pipe  it  burns  brilliantly, 
le  product  of  the  oxidation  ia  Binmuihous  Oxide.  Bi,0^  The 
nu  compound  is  obtainbd  by  heating  the  nitrate  to  a  Iok  red 
It.  It  i«  n  pale  yellow  powder,  which  melts  at  a  full  red  heat 
A  dark  yellow  lii)ui(l.  It  id  insoluble  in  WHter,  and  will  not 
eeily  combine  wiib  it;  but  by  pouring  a  solution  of  biMoa- 
lUft  nitnile  in  dilute  nitric  acid  into  dilute  aqua  a^lmoniI^  or 

0  K  solution  of  potasflic  hydrate,  n  white  hydrate  of  the  metal 
pr«c>piial»d.  Thi4  hydrate,  whi'n  dried,  has  the  con)|io8itjon 
O'Oll;  but  there  are  reasons  for  believing  tliat  the  preoip- 
e  Gills  of  the  composition  Bi-O^Ht.  By  a  gentle  heal,  or 
boiling  with  cniistic  alkalies,  all  the  water  is  expelled  and 
lOt  is  left  Bi^muthoua  oxide  ia  a  decided  ba^ic  anhydride. 
U  diuolved  by  hyilruchluric,  nitric,  and  sulphuric  acid^  form- 
[  definite  salts.     Neverlhelcsii,  by  fusing  the  oxide  with  sodic 

Ufii  an  unstable  compound  is  obtained,  in  which    the 
ital  ll  Uie  basic  radical  {Na-O-BiO). 

Bf  passing  ddorine  through  a  8«lution  of  K-OIf,  holding 
fO$  in  sU^pennion,  a  red  deposit  is  obtained,  which  is  a  mlx- 
)  of  blsmiitbic  acid,  Jl-O-BiO^  and  bismulUic  anhydrido, 
»^r  " 

tOt  +  (4K'0-ff+  2Cl-Ct  +  ^7)  = 

'2//-0-BiOt  +  (iKCl  4-  //,0  +  Aq).  [227] 

1  two  products  may  bo  separated  by  means  of  cold  nitric 
I,  which  di'solces  only  the  anhjdride,  Bicniiilliic  acid  di»- 
TM  in  a  solution  of  poiiu^ic  hydrate,  giving  a  hlood-rcd  soln- 
1 )  liDl  llie  salt  tliu9  farmed  is  very  unatable  and  ii  decom- 
cd  by  mere  washinir.  The  other  comfioundH  of  the  acid  are 
ki  known.  At  a  temperature  of  131'  the  red-colored  acid  is 
lived  into  water  and  the  brown  anhydride. 
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Bismuthic  anhydride,  when  gently  heated,  changes  into  tn  i 
Urmedinte  ok'k!^,  Bi'jO,,  or  rather  into  a  mixture  of  Uiiaoii 
Bud  i^ijO,.  If  healed  in  a  current  of  hydrogen,  it  ii  ftt« 
completely  reduced  to  the  lower  degree  of  oxidation.  Wll 
healed  with  stilphuric  or  nitric  nciils  it  evolves  oxygen,  prai 
cing  bismuihous  sulphate  or  nitrate  ;  and  when  heated  wilti  ll 
drochloric  ncid  il  evolves  chlorine,  yielding  bitmulhoui  d 

221.  B{»muthtiHs  Nitrate,  Si'0,^(NO,),.  5H,0,  ieHua 
imporluiit  of  the  snlls  of  bismuth.  It  forms  large  deli(|U«a 
crystals.  Il  readily  dissolves  in  water  strongly  acidilieil  <l 
nitric  acid,  but  when  mixed  with  a  lurge  volume  of  water  It 
decomposed,  and  a  white  bafic  salt  ofeoniewhat  variable  conif 
sition,  formerly  called  the  magistery  of  bismuth,  is  preci|)iiit( 
The  Erst  precipitate  appears  to  consist  mainly  of  the  o 
Si-Oi-(NOi)Jfi;  but  this  is  more  or  less  decomposed  by 
subsequent  washings.  The  product  is  now  generally  knoirS 
the  basic  nitrate  of  bismuth,  and  is  used  medicinflUf  • 

222.  Bismuthom  Sulphate.  —  When  biamuihous  oxtds 
solves  in  sulphuric  acid,  the  normal  sulphate  BiflOf\{S0^ 
undoubtedly  formed ;  but  wheu  the  solution  u  evaporated 
salt  lo^es  the  larger  part  of  its  acid,  and  the  yellow  f 
obtained,  when  the  residue  is  gently  heal«d.  has,  approxioui 
at  least,  the  composition  (BiO),'OiSO,;  although, bdnget 
decoii^Mised  by  beat,  it  is  difliiiult  to  obtain  the  compound  I 
pure  condition.  The  formula  of  tlie  basic  nitrate  may  tdsa 
written  BtOO-NOj.  J/,0,  and  the  formation  of  salts  of 
type  is  characl eristic  of  the  class  of  elemt-nts  we  are  Bindy 

223.  liiimuth  and  Sulphur.  — The  native  compound  of 
muih  and  sulphur  already  mentioned.  Bi,.%,  is  isomorphoi 
aniiraony  gtance,  Sb^S,,  which  it  closely  rcsemhlea.  Tba  a 
compound  may  be  obtained  by  fusing  bismuth  with  sulphu 
proper  pro]t(iriions,  and  also  hy  passing  JfiS  through  the  I 
lion  of  a  bismuth  sail.  The  pn>cipilated  sulphide  is  blaek,. 
is  not  dissolved  by  alkaline  bydmies  or  sulpho-hydrntgs. 
alt'o  insoluble  in  all  the  dilute  mineral  acids,  bat  it  divoln 
bot  nitric  acid.  When,  however,  the  solution  is  mixed 
water,  moai  of  the  bismuth  is  again  preeipilateil  as  basic  r 
When  heated  in  the  air,  £{,S,  is  oxidixed  and  yiolda  SOi 

r,  which  melts  to  dark  yellow  gloliules.     BismuUimw 
is  a  Bal]iho-anliydride.  and  the  following  raitierala  n 
[arded  as  sulpho-bismviUivWs  i — 
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Eobellite  Ortliorliauibic  ?  PbtlStlBi,Sb, 

KwMlle  Ore  '-  ([  C«J.W,)  i.S^iaV 

Willichenite  "  [  Cu  J,i5;,La'„ 

EmplecliW  "  [  CUi]  '^'A's^. 

224.  CharacUriftic  Eeactioni.  —  The  decotnpoailion  of  the 
ioble  »iUts  of  bismulh  by  \Taler,  with  the  formation  of  an  in- 
lublc   boMc  salt,  is  the  most  characlerialic  reaction  of  ihia 

The  iialis  of  bismulli  are  eiuilj  reduced  on  charcoal 
the  blow-pipe,  and  yield  a  metallii;  bead,  surrounded  by 
yellow  coating  of  oxide. 


Quettiont  and  ProbUmi. 

Nltrogm. 

I,  la  order  to  deMrmino  the  compoBitioD  of  the  air,  863.7  tiTm.' 
air  meuarcd  under  a  pressure  of  ^^.76  c.  to.,  and  at  ^".5,  were 
)  eudiomctei^tubc  with  a  quantity  of  pure  bydn^n. 
OD  of  hydrogen  the  volume  measured  100G.7  cTuT.*, 
)  of  6S.il  cm.  The  mixture  wm  next  exploded 
an  electric  Bparlc,  and  after  the  explosion  the  residual  gaa 
r«d  800.7  cTm^.  under  a  prewure  of  49.14  c.  m.,  and  at  6'.6. 
«|t>!red  compo9icIon  of  air  by  volume  In  100  parts. 
"  '  'in.  By  [4]  and  [!)]  it  will  be  found  that  the  three  volumes 
pven  above  would  have  measured,  under  the  normal  condi- 
tiont,  ivapectively  691.20,  897.3S,  and  &07.3S.  The  absorption 
dae  to  the  combustion  of  the  hjdn^en  is  then  89?.3  — C0T.3 
—  890  cTm:'  Of  this  J  ot  130  was  oxygen.  Hence  621.80 
crm.*  of  air  contained  130  cTm.'  of  oxygon  and  491.2  cTm.* 
of  nitrogen,  or  100  parts  contained  20/J2  oxygen  and  79.08 
Dtlrogen. 

t.  In  another  experiment  835.4  cTm-*  of  wr  at  6S.88  c.  m.,  and 
5  were  taken.  After  addition  of  hydrogen,  volume  measured 
«.T  cTm.*.  at  70.31  c-  m.  and  0°.5.  After  explosion  the  volume 
■  reduced  to  8S8.3  cTm:',  at  91. se  c.  m.  and  0°.5.  Required 
npontion  of  air  by  vcdume  in  100  parts. 

Ans.  Oxygen  20.93,  nitrogen  79.07. 

|.  One  cubic  metre  of  dry  ur,  measured  under  normal  conditionB, 

wmed  over  ignited   copper-tuminjp.      How  much  must  ^s 

IT  Imto  increaaed  in  weight  ?  Ans.  299.9  grammea. 

.  In  preparing  nitrogen  gv  by  [192],  what  volume  of  nitrogen 

'    '    d  for  every  Utre  of  chlorine  uaod  ?         Ana.  \  <&  ^\aU«. 


S80  QUESTIONS  AND  PROBI,EMS. 

S.  What  weight  ornitn'c  add,  Sp.  Gr.  =  1.47,  can  be  mwle  fi 

17U  kilos,  of  soda  nitre,  and  nbac  weight  of  sulphuiii;  acid  mt 
used  in  the  processV  [I3S.] 

Ans.  VJ6  kilc«.  of  sulphuric  acid,  1G3.4  nitric  ti 
S.  When,  in  the  preparation  of  nitric  acid,  two  moleculei  of  n 
are  osed  to  eai.'h  uolecule  of  sulphuric  acid,  one  half  of  the  n.' 
acid  i«  given  off  with  gr^at  readinega;  but  to  obtAin  the  second  half 
we  must  heat  the  uaLerials  to  a  much  higher  temperature.  la  U« 
6rst  stage  of  the  reaction  aodic  bisulphato  is  formed,  and  in  the 
second,  neutral  sodic  sulphate.     Write  die  two  succ 

7.  How  much  sulphuric  acid  is  reqnired  for  the  decoinpaai 
303. 3  grammes  of  potossic  nitrate  ?  Ans.  394 


8.  Write  the  reactior 
the  products  are  sulphur 

9.  Write  the  reaction  of  nitric  acid  on  uopper,  astnuning  that  the 
products  are  oupric  nitrate  and  nitriti  oside. 

10.  Uow  much  nitric  acid  (Sp.  Gr.  1.22S)  is  required  to  disaoln 
14.7  grammes  of  copper  ?  Ans.  107.6  grauimca. 

11.  How  much  to  dissolve  16.7  grammes  cttpric  oxide  ? 

Ans.  73.21  gramme*. 
IS.  A  quantity  of  plumbic  nitrate,  weighing  0.993  gnutimi!!,  ^ielil* 
on  ignition  OMV  gramme  of  plumbic  oxide.  By  another  ilutermi- 
nation  it  appears  that  1.324  grammes  of  the  same  salt,  igiiit«d  in  0 
glass  tube  with  copper-turnings,  yield  89.34  cTm^*  of  nitrogen. 
I>cduce  the  percentage  composition  and  symbol  of  nitric  acid, 
assuming  that  the  composition  of  plumbic  oxide  and  the  atonic 
weight  of  lead,  oiygen,  and  nitrogen  are  known.  What  reason  haW 
you  for  assuming  that  the  acid  molecule  contains  only  one  atom  of 
hydrogen  ? 

13.  Write  the  reaction  of  nitric  acid  on  phosphorus,  assuming 
that  phosphoric  acid  and  one  or  more  of  the  oxides  of  U'trogen  ut 
the  products  of  the  reaction. 

14.  Write  the  reaction  of  nitric  acid  on  cotton.     (31.) 

15.  Illustrate  by  means  of  a  table  tbe  relations  of  the  variov 
acids  aod  anhydrides  which  mgy  be  theoretically  derived  &«IB 
orthonttric  acid. 

16.  In  nitric  acid  and  the  nitrates,  what  is  the  quantiralcnce  of 
nitrogen  ?  , 

1 7.  In  nitrons  acid  and  the  nitrites,  what  is  the  quantivalenue  rf 
nitrogen  ? 
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18.  niiBlratc  by  meiuii  of  b  table  tbe  relatioriB  of  the  Tiirious 
leids   Aiid   luihydrides  which   may  be   tbeorelitall)-  derived   from 
LonboniiTouB  acida. 

ever  be  isomeric  with  a  nitrste  ?     What  is  tbe 
m  pounds  'f 

to.  The  Sn.  ©r.  of  nitric  peroxide  vapor  referred  lo  air  has 
been  found  tu  be  l.I2.~  How  does  this  value  agree  with  tbe  number 
dcduuvd  from  theory  ? 

21.  With  what  volumes  of  oxygen  gu  must  one  litn!  of  nitric 
oxide  bo  luixcd,  to  prepare  rcspettivoly  nitrous  anhydride  and 
nlcriu  p«T«xide  ? 

22.  The  Sp.  Gr.  of  nitric  peroxide  would  seem  to  compel  us  to 
asign  to  the  compound  the  symbol  we  have  adopted,  and  the  !<ame 
group  of  atoms  also  constantly  acts  as  a  univalent  radical.  Can 
you  liamioniee  these  facts  with  the  theory  of  (69)  '/ 

23.  What  volume  of  oxygen  ia  required  to  convert  3  grammes  of 
aitrie  oxide  (in  presence  of  water)  iuto  nitric  acid  'f 

Ana.  558.2  cTiu.' 

H.  Write  the  reaction  of  nitric  peroxide  on  calcic  hydrate. 

25.  In  the  preparation  of  nitric  oxide  by  [152],  why  should  you 
anticipate  that  nitrous  oxide,  or  even  nitrogen  gas  might  be  evolved, 
irhen  tbe  nitric  acid  wna  nearly  exhausted  ? 

36.  Analyze  the  reaction  [152],  and  represent  the  two  stages  Gy 
•eparate  equations. 

87.  Analyze  the  reaction  [15S],  and  determine  the  amounts  of  the 
different  faclora  which  should  be  used  in  order  to  moke  10  litres  of 
nitric  oxide  gas. 

SS.  Write  the  reaction  when  ferrous  sulphate,  sulphuric  acid,  and 
nitr<>  are  heated  together. 

29.  The  Qp.  Or.  of  nitric  oxide  referred  to  air  is  1.038.  How 
daes  this  compare  with  tbe  theoretical  number? 

•M.  When  sodium  is  heated  in  a  confined  quantity  of  ^'0.  tbe 
tohinie  of  the  gas  it  reduced  to  one  half,  and  the  residue  is  found 
ID  bti  pure  nitrogen.  Assuming  that  the  Sp.  Gr.  is  known,  show 
that  this  £ict  proves  that  the  symbol  we  have  assigned  to  tbe  com- 
pound must  bo  correct. 

81.  Analyze  reaction  [1S4],  and  show  in  what  it  differs  from  [1S3], 

32.  What  weight  and  what  volume  of  nitrous  oxide  can  he  ob- 
tained from  SlU  grammea  of  smmonic  nitrate  ? 

Ans.  132  grommee,  or  Sii.S  litt«&< 
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93.  One  litre  of  mtric  oxide  gu  will  yield  by  [IS6]  « 
or  aitroua  oxide  7  Ans.  ^  Ei 

34.  Analyze  reaction  [156],  uid  represent  the  two  ttaget  by  ff^^ 
vate  eijQBtJont. 

35.  Wbat  evideoce  ii  given  tliat  mtrotu  oxide  ts  l«a  stable  Ih^m^ 

3S.  When  Bodlum  is  heated  in  nitroas  oxide  no  change  of  TolacDe 
refults,  and  tbe  residue  is  pare  nitrogen.  The  Sp.  Gr.  of  Ditrou* 
oxide  is  22,    Deduce  from  these  facts  the  symbol  of  the  compouDii 

37.  What  volome  of  gai  would  a  litre  of  nitrous  oxide  yield  when 
decomposed  by  heat?  Ans.  Ij  litrei. 

SS.  Wbat  IB  tbe  qnantjvalence  of  nitrogen  in  niuoua  oxide,  ul 
what  in  nitric  oxide  V 

39.  Wbat  are  the  relations  of  tbe  oxycUorides  of  nitrogen  la  tie 
oxides? 

40.  What  strong  reason  may  be  adduced  for  doubling  the  funnuli 
of  oitric  oxydichloride  ?  Would  not  the  same  principle  require  a 
to  double  the  symbols  of  two  of  tbe  oxides?  aad  what  argument 
can  you  urge  in  favor  of  the  symbols  adopted  in  tbis  book  ? 

41.  Wbat  is  the  specific  gravity  of  ammonia  gas  referred  to  *ii| 
and  referred  to  hydrogen  ?  Ans.  O.fiSI,  and  8.fi. 

42.  What  would  be  the  volume  of  3.&464  grammes  of  amuoni* 
gas  at  S73".2  and  38  c.  m.  ?  Ana.  16  Utit* 

43.  What  weight  of  ammonia  would  be  obtained  from  one  litn 
of.?fOby  reaction  [ICO]?  Ana.  0,7614  grainmei. 

44.  Ammonia  gas  may  also  be  formed  by  tbe  action  of  metatKc 
»inc  (wben  in  contact  with  platinum  or  iron)  on  a  mixture  of* 
nitrat«  with  a  solution  of  polasL     Write  tbe  reaction  [161]- 

45.  In  order  to  determine  the  amount  of  nitric  acid  present  ins 
specimen  of  crude  soda  nitre,  1,000  griimme  wbb  treated  as  in  tbi 
last  reacrion.  The  ammonia  evolved  was  conducted  into  a  s 
of  hydrochloric  acid,  and  suhseiiuently  preeiptaled  with  ] 
chloride.  This  precipitaw  weighed  2.1017  grammes.  What  w 
per  cent  of  pure  soda  nitre  ?  Ana.  i 

46.  In   ortler   to   obtain    10   litres  of  ammonia  gns,  how  a 
grainmes  of  sal  ammoniac  must  be  taken  ?  Aiis.  23.9( 

47.  IVTiat  volume  of  nitrogen  would  be  formed  by  buraing  d 
litre  of  ammonia  ?     Write  the  reaction.  Ana.  }  VW 

48.  When  an  organic  autetance  is  heated  witli  soda  lime  (ai 
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n  of  cftoslic  «hU  uid  lime),  all  [be  nitrt^en  present  a  evolred  as 
UDOnia,  which  may  be  collected  id  hydrochloric  acid  and  com- 
kA  with  phitinic  chloride  aa  above.  In  a  given  determiaalJOD 
e  weight  of  tbe  precipitate  thus  obtained  waa  S.232  grammes, 
lial  wu  the  weight  of  nitrogen  in  the  cocupound  ? 

Ad9.  I).  1 4  0  grammes. 
49.  Deduce  from  the  reaults  of  the  eudiomelric  experimenta  de- 
ribud  oa  page  241  the  Bymbol  of  ammonia  gas.     Must  we  know 
■  ip«cific  gravity  in  order  to  fix  tJie  formula  liefinilely  ? 
90.  Show  that  tbe  result  of  the  experiment  with   chlorine  gas 

a  the  formula  just  deduced. 
51.  Write  the  symboUof  tbe  diQureat  amines  according  to  tbe 

.<.r(!s). 

!.  The  amides  may  be  derived  from  tbe  corresponding  acids 
b  what  replacement  'I 
A3.  AH«T  what  two  types  may  the  symbols  of  the  amides  be 

H,  Write  the  symboU  of  oxamic  and  succinamic  acids  after  the 

type. 
£&.  KxpUin  the  meaning  of  the  terms  basic  and  alcoholic,  u 
lUed  to  the  atoms  of  hydrogen. 

bS.  Write  ibe  symbols  of  the  two  lactarnjdes  al^r  tbe  ammonia 

B7.  How  may  the  imide  and  nitrile  compounds  be  regarded  aa 
Ituted  on  the  type  of  ammonia  ? 

The   nitriles   (170)  may  be   regarded   as  cyanides  of  what 
kit? 
M.  Why  should  you  anticipate  that  the  imido  compounds  would 
re  an  acid,  and  the  nitrile  compounds  a  basic  character? 
!9.    Write  tbe  reactions  which  take  plnce  when  acetic,  benzoic, 
iSo,  nnri  oxalic  acids  combine  with  ammonia. 
tl.  Write  the  reactions  corresponding  to  [174  and  175],  osing  the 
inm  instead  of  the  ammonium  sails. 
13.  What  proof  do  yaa  have  that 


IS.  What  per  cent  of  NB,  does  the  platinum  salt  contain  ? 

W.  When  a<|Ha  aramoniit  is  added  to  a  solution  of  ferric  chloride, 

i,)C7,.  ferric  hydrate,  (Fejff.',,  is  preoipiUted.     Write  Ibe  (»- 


QUESTIONS  AKO  rROBLEHS. 


a  wliich  aqua  amniimift  aoU  Iika  ■  m 
others  in  which  it  does  not 


G7.   Write  the  reaction  hy  which  the  sublimed  carbonate  i 
ixpoKd  to  the  air  changes  to  the  acid  carbonate. 
GS,  When  a  eolutioD  of  unmoDic  chloride  h  boiled  with  a  soliition 
ii  evolved.     Write  the  reaction. 


rite  the  aymbolB  of  the  compound!  formed  by  the  anion  of 
ts  dvacribed  in  (1G7),  both  with  hydrochloric  acid  and  witli 


70.  Write  the  ajmbol  of  the  ammoniura  base  which  conlainfl  Ae 
radicals  pbenjl,  CJl^,  aniyl,  C,//„,  ethjl,  C,ll^,  and  methyl,  Cll,. 

71.  Show  what  different  com[>uLind9  may  be  formed  by  the  didij- 
dration  of  the  acetate,  loutate,  oud  oxalate  of  ai 


Photphonu. 
72.  The  Sp.  Gr.  of  phosphorus  vapor  has  been  observed  to  be 
63.S,  and  according  to  Deville  no  material  change  is  eflect^d  by  a 
temjieraturc  of  1,040°.  Moreover,  the  specific  gravities  of  the  va- 
pors of  the  following  compounds  hare  been  determined,  and  also 
the  per  cent  of  phoephorus  whiob  they  contain. 


Bp.  Qr- 


Phosphuretted  Hydrogen, 

Phosphorous  Chloride, 
Phosphoric  Oxy chloride, 

n  these  r^nilts  of  observ 


reigbt  </      I 


phosphorus  and  the  molecular  constitution  of  the  elementary  nib- 
stance  may  be  determined. 

73.  The  atomic  weight  of  phosphorus,  now  received,  w«s  (band 
by  burning  a  known  weight  of  red  phosphorus  in  perfectli  .Irviff, 
and   weighing  the  phosphoric   anhydride  thus  fonnnl.     A    .i '.    : 
that  one  gramraE  of  phosphorus  yields  2,aatl3  grammi-snr|  ' 
anhydride,  what,  most  be  the  atomic  weight  of  pliorpti'it  i  '■ 
for  does  this  experiment  modify  the  conclusion  reached  i>i   iIjl'  : 
problem  ? 

74.  How  much  pho«phorii8  can  be  oblitined  from  9.3  tilos.  ofj^ 
calcic  phosphate  by  [1!9]  ?  An«.   l.H  kUai 

75.  Can  you  discover  any  connection  between  the  diNVn 
(peciSc  heat  of  the  two  varieties  of  phosphorus,  and  the  d 
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calorific  power  7     Doea  the  first  diflerence  irhoUf  expl^n  the 

TS.  Show  that  ortbo-  and  meta-phosphonc  acid  m&y  be  derived 
m  the  assumed  peDtatomic  acid  bv  eucceuive  delij'dnktion,  and 

R«ke  a  tabiL'  wbicfa  shall  exhibit  tbit  different  poanible  derivatives 

f  llui  iK>iQpirand. 

77,  Talking  ortbopbosphorie  ftcid  u  the  atarting-point,  in  place  of 
be  asumed  penUlooiic  auid,  show  bow  the  diderent  varietiee  of 
'loaphorlc  acid  ma/  be  deduced. 

78.  What  ia  the  basicity  of  phosphorous  and  hypopbospboroiu 
Ktdt  'f   and  what  is  the  iiuanti valence  of  phoaphurus  in  these  com- 

78.  When  either  phoephorouB  or  hypophosphoroia  acids  are  heat- 
,  tbejr  break  up  Into  or ibophosp boric  aeid  and  /'//,     Write  the 


a  Bolution  of  argentic  nitrate  on  a 
»odic  pboaphale,  and  show  why,  after  precijrit*- 
be  acid. 


BS.  Write  the  reaction  of  a  solution  of  ai^otic  nitrate  on  a  sola- 
n  of  sodic  pyrophoflphale.  If  the  first  salt  is  used  in  excess,  why 
IWt  the  Bolution  after  the  precipitation  be  neutral  ? 

84.  Pyropho»pborio  acid  may  be  prepared  by  first  adding  plutn- 
Ic  afetate  to  a  solution  of  eodic  pyrophoephale,  when  plumbic 
jropbosjibate  is  precipitated,  and  then  decomposing  tliis  precipi- 

"ed  in   water  with   I!,S.     The  solution  thus  obtained 
raporaied   in   cacMO  gives  crystals  of  the  compound.     Write  the 
Why  may  not  the  solution  be  evaporated  by  heat  in  the 
away? 

85.  Wtite  the  reaction  which  takes  place  when  Pffj  bums. 

,M.  Write   the  symbol'   of  Trimethyl-pboaphine  ;   Tetramethyl- 

n  Hydrate ;  Trimetbyl-amyl-phosphonium  Iodide. 
ST.  Write  the  symbols  of  the  platinum  nnd  gold  salts  of  t«tra- 
ijrl-phospbonium.     (130)   (HT). 

8S.  Writ«  the  lymhols  of  TriethylphoFphinti  Oxide  and  Trietbyl- 
e  Inilide.     IIow  does  the  lut  diUer  from  Trietbyl  pbospbo- 
unlcxlido? 


QUESTIONS  ASD  PBO&LEMS. 

89.  ExpUin  the  lue  gf  PC\  aff  a.  reagAit,  and  give  illoBtntii 
of  iw  pi'tulmr  ai'tion. 

90.  Can  yoit  deviae  a  metbod  b/ which  the  reaction  [1H3]  a 
be  applied  in  clie  preparntiou  uf  phoepbonius  aci'I  ? 

91.  Does  the  reaction  [lSi3]  throw  aaj' light  ud  the  coiutiuU; 
of  phosphoric:  acid  '! 

92.  What  diflerent  degrees  of  quantiTalcnce  does  ptKupbo 
manif^t  in  the  cooipounda  described  above  V  Point  out  the  i 
amples  of  each  coadition. 

93.  Make  a  sumcoar)-  of  the  rescmbkoceg  and  diflerencca  ' 
tween  the  compouada  of  nitrogen  anil  tlio«ti  of  phosphorus. 


91.  Represent  by  graphic  BymboU  thi 
and  ahow  bow  it  is  potaible  that  the  double  alum  of  sulpbi 
rtiplace  the  double  atom  of  arsenic. 

95.  What  thould  be  theore(iciil)'  the  fpeciflc  gravity  of  vh 
vapor  referred  to  air  i"  Ans.  lO.n 

90.  Compare  together  the  formulie  of  nitroua  and  arKnioosat 
and  point  out  their  relatiotu  to  each  other.  Is  phosphorou*  t 
allied  lo  the  olher  tiro  ? 

97.  WritB  the  reactione  by  which  cuprio  and  argentic  amen 
are  Ibnued. 

98.  Write  (he  symbols  of  tho  three  hydrates  of  arsenic  add, . 
^ve  iheir  names,  following  the  analogy  of  phosphoric  acid. 

99.  If  the  arreniates  [190]  are  heated  until  all  the  walei 
expelled,  what  will  be  the  syinlwls  of  the  compounda  left  ? 

100.  Write  the  reaction  of  argen^c  nitrate  on  a  solution  oTeil 
of  the  compounds.     [190.] 

101.  Write  the  reactjon  of  a  solution  of  ma^nesiu  Rulph*te  : 
ammonia  on  a  eolution  of  either  of  the  compounds.     [190.] 

102.  State  the  differences  between  phosphoric  and  Ar«cnie  adi 

103.  Wrilp  the  reaction  which  tales  place  when  H^t  ba 
both  with  a  Buffiaient  and  with  a  limited  supply  of  oxygen. 

104.  now  may  the  resctiong  deacin'bed  in  (197)  be  uaed  to  da 
the  presence  of  arsenic  in  a  suspected  liquid  ? 

105.  How  could  you  discover  the  presence  of  tlio  araealc  i 
formed  by  reaction  [193]  ? 


QCESTIOXS  AND  PB0BLEH8. 

106.  Stats  tlie  raeahlancM  and  difieiCDMa  between  Ibe  tunmea, 
e  pluMpiune*,  uul  the  arainei. 

lOT.  b  the  qnastivalence  of  anenic  tlie  tame  in  all  the  com- 
aada  of  kakod/t '/ 

10S.  Id  wba[  respecb  dosa  kakoAyl  resemble,  and  ia  what  does 
differ  Irom,  the  corresponding  compound  of  phosphorus? 

109.  Does  the  relation  of  s 
»  the  relation  of  pbocphoruii 

110.  Write  the  reaction  of  II,S  on  a  soladon  of  J»,0,  in  dilute 
indrocbloric  acid. 

111.  Anal;ie  the  reactions  [195]  and  [ISC],  and  give  the  names 
'  the  produclB  which  are  Ibrmed. 

112.  What  would  be  the  chemical  names  of  the  mineriiU  Prom- 
W  and  Enargicei  and  what  are  the  corresponding  ox}'gen  corn- 
Define  the  class  of  compounda  to  which  these  minorala 


I  Anlimony. 

115.  Why  is  the  molecular  weight  of  ftntimonj  doubtful  ? 

114.  TVoretioall)-,  what  weight  of  metallic  antimony  should  b« 
Uuned  from  l,<i:JO  kilos,  of  antimony  glanoH?       Ans.  732  kilos. 

116.  The  tnoet  common  impurities  of  commercial  antimony  are 
ivnic  iron,  copper,  and  lead.     Why  should  the  process  described 
06)  l«nd  to  remove  these  substances  ? 
IIG.  Write  the  reaction  when  antimony  bums. 

117.  Write  the  reaclton  of  nitric  acid  on  antimony,  aMUimng 
Bt  the  products  are  S4,0,  and  NO. 

118.  Write  the  reailion  of  hydrochloric  acid  on  Sh,S,.  What 
prevent  the  reoulting  solution  from  becoming  turbid  when 
"     ith  water  ? 

1 1 D.-  What  should  he  tbeoretjcoily  the  Sp.  Gr.  of  SbCl^  f 

120.  Why  ia  it  probable  that  the  double  chlorides  (SOT)  are 

compounds  ? 
181.  When  SbCI,  is  miied  with  strong  IICI  +  Aq.  what  com- 
lund  would  analogy  lead  ua  to  suppose  is  farmed  in  the  solution  7 
12S.  Write  the  reaction  of  chlorine  gas  (in  excess)  on  antimony 
id  on  SbClf 
12B.  Writ*  the  reaction  of  water  on  SbBr,  and  Sbl,. 
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124.  Write  the  reactions  when  51,0,  cliKolvia  in  //C/  + 
11,30^.     [203.] 

lis.  Writ«  the  reaction  when  £t,0,  ilusoWes  in  creiun  <A 
ISG.  Write  tbe  reactioa  when  tartar  emetit  is  healed  to  i 
1S7.  Write  tbe  eyrobolB  of  the  (impounds  formed  by  d 
Aa,Of  A>,Ot,  or  Bt^O^  in  treim  of  tartar. 

138.  Write  the  iyrobola  of  the  compounds  of  the  Ml 
derived  from  Frfi,,  Cr,0,,  and  B,0,.  awuming  that  the  r 
Fe,Op  Cr.O,,  and  BO  rrpu.'o  the  SW  of  tartar  emetic 

1S9.  Wrilc  the  reaction  when  to  n  Bolution  of  tartar 
added  a  aolution  of  calcic  chloride,  knowing  that  the  curretpu 
lime  compound,  being  insoluble,  is  precipitated,     "  '  ' 
be  remembered,  takes  the  place  of  two  atoms  of  potasaiuou 
ISO.  Write  the  symbol  of  diaceto-diethylic  tartrate, 
131.  State  the  grounds  for  the  distinction  between  tbe  three^ 
of  hydrogen  atoms  which  tartaric  ncid  cotiiaini.     By  what 
do  you  iliatinguLsh  the  JilTervnt  sets  of  atoms,  and  what  ol 
amples  have  been  studied  in  which  a  similar  dUtincuon  b 
tuade  7 

1S3.  \Vhat  is  the   nvme    of  the    compound    //^A'^sO^ 
Write  the  reaction  of  a  wjluiion  of  this  reagent  upon  a  a 

ofA'oa. 

133.  On  boiling 
changes  inb 
Write  the  ri 

134.  Write  the  reaction  of  (ItCl  +  Aq)  on   Zn,Sl>p  ■ 
that  the  product  is  H,tlb. 

1!!5.  Write  the  symbols  of  the  ethyl  and  amyl  compoi 
antimony,  following  the  analogy  of  the  methyl  compound*  m 
iymbols  are  given. 

135.  Write  the  reaction  of  trielhyl-stiblne  on  hydrochlorio  t> 

137.  Ri'present  by  graphic   symbols  the  constitution 
and  Zn^Sli^,  and  give  the  Hymbols  of  other  compounds  formed  d 
the  same  typo. 

138.  Write  Ihe  reaction  when  antimonious  oxide  and  sulpborJ 
melted  together. 

139.  Write  the  reaction  when  ir,S  is  passed  through  a  « 

HO.  AnalyiH  reactions  [231],  [312],  and  [2t3],  wtl  9 
rtwt  of  com|HHL:iiU  to  wlrali  till!  «ct.ind  prwlQirt*  bdoim. 


solation,  the  acid  polassic  pyroaattlDi 
which   does  not  precipitate  « 


QL'l-:STIONS  AND  PBOEILEMS.  2S9 

,41.  Show  hf  nymboli  t)ie  retatiiMia  of  the  nssumed  Bolpbur  acids 
whicb  Uie  several  aulpbaDtinioniten  nro  ri^ferrud. 
t2.  Explain  the  distmclion  between  a  chemical  compound  and 
aggregate.  What  diUereot  orders  of  combinatioD  do 
facts  and  the  atomic  tbear>-  require  of  lu  lo  assume  in  such  a 
leral  aa  Telrahcdrite  ? 

143.  How  are  the  phenomena  of  isomorpbous  iiibstitution  in  tbe 
!iifu*al  klngdora  to  be  explained  in  harmony  with  tlie  atouiia 
wry? 

144.  Write  the  reaction  of  U.S  on  a  sdulion  of  SfiCT.. 

145.  Write  the  rcnction  of  hjdrochlorie  acid  on  the  precipitate 
iiwd  by  thu  Inst  reactiuu. 


of  Bisr 


147.  Oompiro  the  qualities  of  metotUc  bismuth  with  those  of  the 
~  er  elcmfnlnry  substances  belonj^ing  to  the  same  series,  consideT- 

tmpecinily  the  crystalline  furm  and  ihu  specific  gravity. 

148.  Write  the  reaction  of  nitric  acid  on  bismuth,  and  compare 
nkCtion  with  that  of  nitric  acid  on  antimony. 

140.  Write  tbe  reaction  of  atjua-regia  on  blemuth. 
180,  Compare  the  componnds  of  tbe  alcohol  radicals  with  the 
"ercnl  meniiiera  of  tbe  nitropen  series  of  elements,  and  present 
subject  in  a  written  fonn. 

91.  Write  the  different  reactions  by  which  BiCI,  may  be  formed. 
163.  Write  the  reaction  of  water  on  BiCl,,  and  the  reaction 
K  K>1utiMi  of  bismuthous  nitrate  is  poured  into  a  solution  of 
on  salt 
ISa.  Why  does  the  presenre  of  a  larfje  amount  of  TJ,NCl  prevent 
'olntion  at BiCl,  from  becoming  turbid  when  mixed  with  water? 
tfi4.  Campnre  BiCl,  with  the  corresponding  chloride  of  the  same 
ha.  Whit  inference  do  you  draw  from  the  fact  that  the  com- 
ind  BiO^  has  not  been  obtained  ?  Have  any  other  facts  been 
nlioncd  pointing  to  the  name  conclusion  ?  What  is  the  evidence 
It  Vtainutb  is  ever  quinquivalent  ? 
'I&3.  Write  the  reaction  when  bismuth  burns,  or  is  more  slow!; 

ISi.  Write  the  reaction  when  bieumthous  nitrate  is  heat«d  (0  a 
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fo»  rad  beat.  Why  lo  this  process  is  it  important  to  avoid  si  higW 
temperatoTB? 

167,  Writs  the  reaction  when  a  eolutjon  of  biamuthoos  nitraM 
(in  dilate  nitric  acid)  is  poured  into  a  eolution  of  potash  bj-Jrate. 

198.  Write  tlie  reactions  vbcn  bisinulhous  otcide  dinolrea  b 
b/drochl<Hic,  niiric,  or  sulphuric  auid. 

1S9.  Compsre  the  oxides  ami  bfdratcs  of  the  clemeDta  of  tin 
nitrogen  aeries,  ami,  by  tabulating  iheir  s)'mbtil!i,  show  that  thar 
luolecular  uonsiiiurinn  in  iimilogous.  Trace  abo  the  variation  b 
tbtsir  propertit^  as  joii  iJuscend  in  tlio  seriea. 

leo.  Write  the  rcaetJon  of  water  on  bismutliou!)  nitrate,  aamta- 
ing  that  the  basic  salt  whose  symbol  is  given  above,  together  witk 
&«e  nitric  add,  are  the  resulting  products. 

161.  V  Bi^S,  and  Sb,S,  are  precipitated  tt^elber,  how  may  llis 
two  be  aeparatcd  ? 

162.  Write  the  reaction  whv.xi  Bi,.%  is  roa?li.'n  in  a  current  of  air. 

163.  To  which  of  the  three  classes  of  salts,  distinguished  on  p^ 
273,  must  the  several  Bulpho-bismuthites  be  referred  '/ 

164.  Compare  the  sulpho-salls  of  bbmuth,  antimony,  and  arsenic 
and  point  out  their  mutual  relationa. 


DivUtvn  IX. 

225.  VANADIUM.  r=  51.21.  — Trivalent  Dndquiuqui- 
Jent  A  verj  rare  elctueol,  dUcovered  in  1630  in  Ibe  iron 
ee  of  Taherg  in  Sweden.  It  has  since  been  found  as^^ociatod 
■th  the  iron  and  uranium  ores  of  other  lot^alities,  and  more 
sently  it  has  been  found  in  considerable  qnunlilieii  in  certain 
Hnarkable  metalliferous  saiid^lone  beds  oucurring  in  lliu  county 
«bire  iu  Eogland.  Vunndium  i«  qIbo  the  erBcniial  uon- 
haenl  of  a  fi-w  very  rare  miuerals.  Of  these  the  must  impor- 
int  is  Vanadinite,  which  is  n  vanadiate  of  lead,  and  ?o  clo^^ely 
■embli^g  tlie  native  phosjihnte  and  arseniale  of  the  same  metal 
»to  leave  no  doubt  that  all  three  have  a  eimilur  muk'cular  con- 
itation,  and  hence  that  vanadium  is  a  perissad  element  like 
Wsphorud  and  arsenic  Thus  we  have  the  following  minerals, 
Ucb  are  all  i^omorpbous  with  each  other :  — 


Apatite 
Pyromorphite 


Vanadinitu 


Tbe  stody  of  the  other  compounds  of  vanikdium  leads  to  the 
me  conclutiion,  and  ehows  that  the  »ame  character  .already  no- 
n  Bi^muLh  and  Antimony  is  developed  in  this  element  to 
StiU  higher  degree.  The  lowest  oxide  of  vanadium,  VO,  is  a 
(iverful  univalent  or  trlvalent  radical,  and  combines  wilh  clilo- 
le  or  rejilaces  hydrogen  like  an  elementary  substRnce,  and  all 
I  well-defined  compounds  of  the  element  may  be  regarded  as 
Bpounds  of  this  radical,  called  Vanadyl.  Thus  all  the  so- 
led cbloridei'  of  vanadium  contain  oxygen,  and  are  chlorides 
vmnadyl.  We  have,  for  example,  (  VOj  CI,  a  lighi-brown  pow- 
'•  (  VO)tCI,  in  brilliant  green  tabular  crystals,  and  (  VO)  Cl^ 
'iov,  fuming,  volatile  liquid  boiling  at  li&'.l.  This  liquid 
■  a  Sp.  ffr.  ^1.84,  andllie  Sp.  Gr.ofits  vapor  ::=  88.2.  It 
s  been  proved  to  contain  oxygen. 

The  oxides  of  vanadium  are,  — first,  F,0,or  P'O-VO,  ob- 
ined  as  a  Rray  metallic  powder  when  the  vapor  of  VOCt^ 
bad  with  hydrogen  is  passed  over  red-hot  carbon.     It  dia- 


Golves  in  dilute  adds  with  the  evotulion  of  fajnlragCD,  and 
Dot  be  deprived  of  iU  oxygtin  except  willi  llie  greatest  diiBcu] 
Secondly,  K,(?j,  obtained  as  a  bltiL-k  pottder  wlien  f^O,u 
duced  hj  bydrogen  at  a  red  tiiat.  It  is  insoluble  iu 
Tliirdly,  V,Oi,  obtained  in  the  furm  of  blue  shining  crysUb 
allowing  V,Oi  to  abfiorb  oxygen  from  the  air.  FourlUj',  V^ 
Tanadic  aniiydride,  a  browni.'^h-n.-d  I-^y^<a![itle  i^otid,  fusible 
a  red  beat,  oud  sparingly  *olulile  in  water.  The  solution  1 
a  yellow  color,  and  ia  strongly  Hcid ;  but  uo  definite  bydraU 
been  deBCribed, 

From  vanadic  anhydride  we  derive  the  vanadates,  of  wl 
there  appear  to  bo  two  classes  correnponding  lo  the  phoaphi 

Meta-vatiadste!,       as  in       JVAJ-O-TO^     or     Ba'OfiVi 
OHlio-vanud!ite«,     as  in       JVa,-0,'  VO,     or     Pb.,\oS(,  V 

and  still  a  third  cla^K,  the  so-called  bivanadaies,  orvrbich 
sodium  salt  Noi  0^  V^  O3  is  an  example. 

There  appear  to  be,  also,  two  clasiiea  of  Balta,  in  one  of  *ri 
vunadyl  (  VO),  and  in  the  other  vanadium  itself,  act  a»  the  S 
radical ;  but  they  have  not  been  as  yet  fully  invefitigaled.  ' 
salts  of  the  Srf t  class  are  the  moA  stable ;  those  of  the  seo 
have  a  very  .'■trong  affinity  for  oxygen.  Vanadic  auhydl 
dissolves  in  concentrated  sulphuric  acid  when  boiling,  girtii 
dark  red  solution.  If  this  ia  diluted  with  fifly  times  its  vail 
of  water,  and  he.itcd  with  metallic  zinc,  it  rapidly  chaaf(M  01 
passing  through  all  shades  of  blue  and  green  until  it  aiudt 
permanent  lavender  tint.  To  each  of  these  shades  cot 
n  certain  degn-e  of  oxidation  of  the  dissolved  vanadium,  I 
bright  blue  to  I  jOj.  green  to  V^O,,  and  Iiivender  lo-  t'^O^i 
by  using  less  active  reducing  agents  the  change  may  be 
rested  at  any  de?ired  poinL  The  lavender  solution  sbri 
oxygen  with  such  avidity  as  "to  bleach  indigo  and  other »i 
tabic  coloring  matters  as  quiirkly  as  chlorine,  and  far  monp 
erfully  than  any  oiher  known  agent." 

Tliere  are  two  nitrides  of  vanadium,  I'^and  KA^  wbitk 
interesting  since  they  help  us  lo  establish  the  atomic  woigU 
the  element.     The  firat  has  been  analyzed,  and  the  result 

Vanadium  77.8  78.3fi 

Ifitrogcn  202  21  ■« 

^*S  100.00 
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Tlie  properties  of  metallic  vanadium  are  not  ifell  known,  and 
is  doubliul  whether  tiie  elijmentary  eubiitancu  has  yet  been 
lie  Btate  of  purity.  The  oxicJe,  F,0^  was  formerly 
ibukeii  for  the  metal,  and  the  old  atomic  weight,  G8.S,  was 
ppruxi mutely  the  raoleculttr  weight  of  this  oxide,  or  rather  of 
ta  riidicul  vanadyL 


S26.  UttANIUM.  F=  120.  — One  of  the  rarer  elementB. 
Llwaya  found  in  nature  combined  with  osygen,  chiefiy  in 
'itcbblende,  which  is  essentially  the  compound  U3O,,  and  in 

pare  raiuerai  culled  Uranite.  Of  the  last  there  are  two  vari- 
ties:  the  first  is  a  phosphate  of  uranium  and  calcium,  and 
16  second  a  phosphate  of  uranium  and  copper. 

'h,(UO),lOJi,PO)^. 811,0   or  Cu,{l/0),lO,l{PO),.8J^O. 

Jn  many  of  ita  chemical  characteristics,  uranium  very  closely 
Baembles  vanadium.     Like  the  la.'^  element,  it  forms  an  oxide, 
TO,  which  act^  as  a  univalent  radical,  replacing  hydrogen  and 
onbining  directly  with  chlorine;  and  all  llie  mo^t  Important 
laUe  and  characteristic  compounds  of  uranium  mxy  lie  re- 
compounds  of  this  radical.      Moreover,  L\Oj,  tike 
1*^  cannot  be  decomposed  by  the  ordinary  reducing  agenta, 
il  was  formerly  mismken  fur  llie  melal  itself.     l>aiiyl  acta 
Cli  as  a  basic  and  as  an  acid  radical.     Of  tlie  uranyl  cum- 
unds,  llie  most  important,  besides  the  native  phoiiphates  al- 
mentioned.  are  Uranyl  Chloride,  (  (TO)  CI,  Uranyl  Fluor- 
\UO)F,  Uranyl  Hydrate,  (  UO)-0-H  (a  yellow  powder), 
tf»nyl  Nitrate,  {UO)-0'NO,.SHjO  (a  beimtilul  yellow  wdt, 
llizing  in  long  striated  prisms),  and  Uranyl -potassic  Sul- 
:,  A.(170)'0^'S0^.  N,0:  and  to  these  may  be  added  a. 
of  remarkable  double  salt«,  tsbich  may  be  formed  fay 
anion  liolti  of  the  chloride  and  the  Itooriile  of  unmyl  with 
chlnriile^  or  Huorides  of  the  metals,  of  the  alkaliex,  or  cartha. 
then?  double  anils  are  a  characteristic  feature  of  ura- 
and  one  which  becomes  still  more  marked  in  (he  next 
Dt,  Coluuibium. 


DBAKIUU. 

If  to  a  solution  of  a  uranyl  salt  we  adJ  nmmontai  or  ll 
lulion  of  any  other  alkali  or  earth,  we  olilaija  a  jeltow  prw 
tate.  This  is  not,  honever,  as  might  have  been  exp( 
hjilrate  of  uranyl,  but  a  compound  of  tlie  nuJical  with  the  al 
in  which  umnyl  at-lB  as  an  acid  radical.  The  cot 
iheee  compounds  is  not  well  understood,  but  they  a 
mixtures  of  urauyl  hydrate  widi  a  compound  of  the  ( 
Jt-0{UO).  The  so-called  yellow  uranium  osiOe  of  conu 
IS  a  hydrate  thus  prepared,  retaining  about  two  per  cei 
monia.  All  these  uranyl  corapouDda  have  a  yellow  o 
the  yellow  oxide  is  used  to  communicate  a  beautiful  and  p 
liar  yellow  Ui  glass.  Glass  thus  colored,  and  the  tranapi 
uranyl  sails,  are  lo  a  high  degree  fluorescent. 

Judging  from  the  uranyl  compounds  alone,  we  shoul 
elude  that  uranium  waa  a  perissnd  closely  allied  to  van 
and  (he  nitrogen  group  of  elements ;  but  there  are  other  a 
pounds  of  uranium  which  do  not  readily  conform  to  ihia  ihea 
Thus  we  have  a  chloride,  i7C/^  and  a  Kcries  of  uranout  a 
(all  having  a  green  color),  in  which  one  atom  of  the  melal  I 
peara  to  combine  with  two  atoms  of  chlorine,  or  to  re|)lace  N 
atoms  of  hydrogen.     These  would  seem,  on  Ihe  other  h 
indicate  that  uranium  waa  an  artiad  elemeut  allied  to  iron; 
the  important  fact  (hat  (he  native  oxide,  UtO,,  is  isomot 
with  the  magnetic  oxide  of  iron  sudiains  this  view.     UiW 
thus  appears  to  stand  lielween  the  nitrogen  group  of  eles 
of  the  peri ssad  family  and  the  iron  group  of  the  artiad  fi 
It  belongs  in  a  measure  to  both,  anil  Ila  compounds  may  k 
tcrpreted  according  to  the  one  or  the  other  plan  of  inolM 
grouping.     In  classing  it  with  the  perissads  we  merely  fi 
what  appear  to  be  its  normal  relations;  but  others  may  r 
ably  entertain  a  difierent  view,  and  further  investiga^on  b 
quired  to  determine  its  quanti valence.    Uranium  thus  tl" 
very  forcibly  the  remarka  already  made  on  chemical  c 
cation.     (103.) 

Of  metallic  uranium  but  little  is  known.  It  ha*  boi 
tained  by  decomposing  the  chloride  UCl,  with  potassiiu 
appears  to  be  a  fieel-while  melal  (Sp.  Gr.  =^  18.4),  whb 
slightly  malleable,  and  not  readily  oxidized  by  atuu 
agents.  If  healed,  however,  it  bums  in  the  air.  and 
in  dilute  acids  with  the  evolution  of  hjdrogcu.     The  w 
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{  ■rfUiium  bavD  Tound  but  fuw  applicaiions  io  the  arts.  The 
'fellow  oxide "  U  used,  as  olreiuly  stated,  far  colojing  glik», 
fid  tike  so-called  black  ox.ide  (UtO^,  obtained  by  igiiitiug  tlie 
[iirate,  ia  eEoployed  as  ^black  pigment  in  painting  on  porueUin. 
rbe  nitrate,  wbicli  is  tlic  uioat  common  soluble  ^all,  lias  been 
bought  to  have  some  valuable  qualities  in  pboiograpby. 


I.  State  the  grounda  on  which  the  conclmion  ia  regard  to  the 
oBucity  of  vacadiuia  is  ba^ed,  and  represent  by  .  graphic  symbol 
of  Vanadiuite. 


S.  How  does  the  Sp.  Gr.  of  the  vapor  of  ranadic  oxylrichloride 
tnpare  with  the  theorutical  value '! 

Z.  It  ha«  been  ahown  by  careful  analysis  that  the  above  chloride 
intaint  6l.'n6  per  rent  of  chlorine.  What  h  the  atom iu  weight 
'vansdyl,  and  what  that  of  vanodiuiu'i'  Ann.  67.29,  atid  51.29. 
4.  In  order  to  determine  the  atomic  weiglit  of  vanadium  frota 
anhydride,  Roccoe  reduced  VtOt  by  hydrogen  to  vanadic 
ddei  FtO,     Four  experimenta  gave  the  following  ra*ult8 :  — 

lit. 


7."3D7  grammea, 
6  5819 

Wright  of  r,0,DbaJn« 
6.S827  grainmea. 
6..12!IG 

5.1895 

4.281!) 

.^.0460 

4.1 6U 

educe  the  atomic  weight  of  vanadium. 

S.  Berielius  aligned  to  Vanadic  Anhvdride  the  tymhol  I'O,.  and 
.  Vanadyl  Chloride  the  eymbol  VCt,.  On  this  hyiwlhesia  lie  found 
r  the  atomic  weight  of  vanadium,  by  the  method  of  the  laxt  prob- 
B,  the  value  137  (when  0~  16),  which  would  be  reduced  to 
M.H  by  the  more  accurate  determination*  of  Rowoe.  State  the 
MMuia  for  believing  that  the  true  atomic  weieht  of  the  element  'm 
I. II,  and  that  the  compounds  bnve  the  aymbols  aasigred  to  them 
bove.  Show  how  far  these  conclusions  have  been  proved,  and 
oint  out  the  cause  of  the  former  error. 
S.  StAta  the  grouode  for  claraing  uranium  with  viuiadiiim.  as  well 
I  the  rawoDs  which  mi^ht  be  urged  fiir  associating  it  with  irou.  and 
'lite  the  rational  symbols  of  the  umoium  compounds  on  the  a»- 
nuptioa  that  this  element  ia  an  arliad. 


PivMtm  XI. 

227.  COLUMBIUM    {Niobium).     Cb  =  9i.~~T 
This  elt'raent  fonns  tlie  aeid  radiial  of  PTrwIilore,  CtAm 
iSiunurskitct,  EuscDile,  Aesuhynile,    Fergusoiiili^  aiid  i 
OCiier  rure  minerals.     They  ai'c  all  rutii|ic)un<]s  of  calm 
siiliydridL-,    Cl>tOt.    wiUi    various    im^tallic    oxides, - 
wlii>;h  those  of  cerium,  ytrrium,  ami  their  a^'Suci&t<H]  f 
are  espetiialiy  to  be  liisiijiguii'heJ,     The  (rolurnliiutn.  howrt 
is  Almost  invariably  rt'ptoued  to  a  greater  or  le^  extent  hj  H 
tHliirn.     Columbiie,  llie  most  abiiudant  o'' |]ie?e  tiiin«nl>|l 
th«  symbol  [fe,.t/li]=0,K[ffi,7!,](:;,)r     It  has  a  black  a 
Bubmetallii;  [ustte,  and  u  specific^  grarily  fi-om  5.4  to  i 
citdusiag  as  ihu  pj-oiKiitiuii  of  tantaluiu  incr(iii:>e.<.     ^'hon  ft 
powdered  il  is  easily  decomposed  by  fusion  with 
phale,  and  on  subsequently  boiling  the  fused  mass  with  < 

a  white  insoluble  residue  is  obtained,  nbich  coniilets  o 
Cb,Oy  and  from  this  the  different  compounds  of  ooIiiiiiU 
may  be  prepared.     Of  these  the  most  characteristic  i 
(bllowing:  — 

228.  ColumUc  Anhydride.  Cb^Oy  —  A  white  powder,  w 
become))  cryHtalline  when  heulc^,  and  is  aflirwanl^  insoluU 
all  acids.  It  Las  a  Sp,  Gr.  between  4.37  and  4.53. 
ignition,  and  when  in  condition  of  hydrate  (Columbic  i 

it  dissolves  in  strong  sulphuric  and  in  hydrofluoric  acids, 
boiling  with  strong  hydrochloric  acid,  in  which  it  is  near 
soluble,  the  product  dissolves  in  water,  and  the  solulioa  ti 
with  xinc  turns  blue  and  flnally  deposits  a  blue-colored  a 
When  B  large  excess  of  hydi'ochloric  acid  is  present,  t 
lion  deposits  a  brown  oxide  under  the  same  conditions; 
constitution  of  neither  of  these  compounds  is  as  yet  knc 
ha^  been  stated  that  oxides  having  the  compositicin  01 
ChjOf  have  also  been  obtained.      Columbic  acid  fonaa  b 
called  columbates,  and.  besides  the  native  com|inii 
above,  we  are  acquainted  with  several  poiassic  eulumbl 
three  of  which  have  tieen  obtained  in  well-deHiied  c 
they  have  a  very  complex  constitution. 

239.    Columbic   Chlorid».     CbCl^  —  A  yellow 
solid,  melting  at  104°,  and  boiling  at  241°.     It  has  beuu  li 
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analysis  to  contain  65.33  per  cent  of  clilorine,  auil  the  Cp. 
:.  of  iLi  vajior,  bjr  eipi^riment,  ia  9.6. 
aaO.  Coluiubie  Oxgeitoride.  CiOC/^  — A  white  solid,  crys- 
Ixing  in  «lky  tufts,  which  vulatilizes  in  llie  air,  without  pre- 
taljr  melting,  at  400°.  It  containi<,  nccurding  to  auuly«is, 
)  |iercontot'cUoriDe,an(l  tlie  Sp.  <l^t.  ufit^  v:j|)or  has  been 
ad  lo  be  7.9.  Moreover,  it  Inu  l.>i.'i;u  n:i-L-ul\y  prvved  that  it 
)l«ins  (ixygen.  Both  chiurittus,  whtiii  Lrtmieil  with  water, 
dd  colnnibiu  ncid. 
231.  Columbie  Or^uoride.  CiOJ^  — This  compound  ts 
^bly  rurmed  when  columbie  acid  is  di^solvuil  in  hydroliuorio 
1,  bul  it  has  not  yet  btren  isolated  in  a  pure  condiiioa.  The 
Btion.  however,  forma  definite  cryatalline  lialts  wiih  several 
tBdic  fluorides,  and  the^  are  among  the  most  impununt  con^ 
uds  of  columbium.  The  salt  '2KF .  CbOF^.  H,0  is  very 
Aly  obtained  in  nacreous  scak-g,  and  being  far  more  soluble 
n  ttia  compoiitid  of  tantahim  formed  under  the  same  condi* 
n«,2A'A'.  TiiF^  it  givt;d  ua  the  only  useful  means  yet  dis- 
Ferod  of  scparaliiig  ibis  element  from  oolumhium.  A  Bait 
I  ako  been  formi'd,  having  the  composition  2KF .  CbF^  and 
Boriilious  with  the  compound  of  tantalum  just  mentioned. 
h  {nteresting  as  pointing  lo  a  fluoride  of  columbium,  CbF^ 
lieh  is  not  nlberwiEe  known. 

ITho  metal  columbium  has  not  wiih  ccrlainiy  been  ohltuned. 
e  blai-k  powder  described  as  sucb  by  Rose  ia  said  to  be  the 
de  Ci,0^ 

ka  infusion  of  gall-nuts  gives  with  acid  solutions  contwning 
limbium  a  deep  orange-red  precipiiaie ;  and  by  this  reaction 
DBitHiim  may  be  dlsttngnished  from  lamnlum.  winch,  under 
I  fiMne  conditions,  gives  a  bright  brown  precipitate. 
tS2.  TANTALUM.  ra=:  182.— ThieeIement,a88odated 
h  oolumhium  in  the  native  colombalea  named  ahovp.  is  ibe 
BrooMlituent  of  Tanlallle,  Tttrotanlaliie,  and  of  a  few  other 
Mrals  eiiually  nire.  Tantalite  ia  isomorphoud  with  ndum- 
I,  hu  the  same  composition,  save  only  that  the  iicid  radical 
irfaoUy  lanlalum.  and  differs  chiefly  in  having  n  liighur  Sp. 
^  which  varies  from  7  to  8.  Although  lanlalum  i^  eo  closely 
d  lo  cotumliium,  yet  its  compounds  differ  from  those  of  this 
elcRtent  in  several  important  respects-  There  appears  lo 
9  iBoduncy  lo  form  oxyciilorides  or  oxyfiuoride>, — at  leaal 
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no  such  compounds  are  known.  Tlie  cliloridc  id  TliC^  a 
j^ellow  solid,  mt'lilng  nt  211°,  boiling  at  242°,  and  luving 
vapor  density  ^  12.8.  It  contains  by  anulysU  48.7a  i^  dl' 
Tiae,  and  is  dtcom posed  by  wiiter,  yieldtiig  taalttliu  acl<L  I 
ftuoriUe,  ia  iu  like  manner,  TaFy  ll  fornu  doubla  salti  «{ 
the  metaltii:  fluoride,  ibu  most  im[Kii-taui  of  wbit-h  ia  the  polu 
Huolai  I  labile,  iKF.  TaFp  uientioiieil  above.  Tanulic  ant 
diide,  3'a,0p  in  a  white  powder,  io^luble  in  acida.  li  dux 
resembles  columbic  auhydride,  and  is  prepared  in  a  aiimkrw 
Irom  the  native  tantalal«s,  but  it  has  a  higher  deneity  (-^  I 
=  7.0  to  8),  atid  Ibrms  with  the  alkulies  a  larger  Dumber 
eiystaUized  salts.  There  is  a  hydrate  (Tantalic  Acid?),  I 
alSD  probably  several  lower  oxides  of  the  eleineDL  A  mIuI 
of  luCli  iu  strong  sulphuric  acid,  when  diluted  with  watiu"! 
reduced  with  zine  becomes  colored  Uue,  but  yields  do  broi 
oxide  as  in  the  case  of  tiolumbium.  By  ledueing  Budio-ianl 
fluoride  wiih  aodiuiu,  a  black  powder  is  obtained  which  hua  b 
supposed  to  be  metallic  tanialnm. 


Questions  and  PtvUems. 

1.  CalcuUte  the  percenta^  eomposition  of  columbite,  on 
sumption,  thitt  the  basic  radical  ia  wholly  iron  and  the  acid 
wholly  columbium.  An».  21.17  F^O  and  T8.83  Ch,0^ 

2.  Explain  the  meaning  of  the  Hymbol  of  columbile  in  (337). 

5.  How  far  do  the  theoretical  SlJ.  ©F-  of  columbic  chloride  i 
oiychlorido  compare  with  the  experimental  results? 

i.   The  mean  of  twenty  analyses  of  the  potaaalo-eolumbic  oxyfli 
ide,  2KF .  CbOF, .  «,0,  gavs  the  following  results:  From  100  p 
of  the  salt  there  were  olilained  by  the  proeea  of  aaalyBia 
6,87  parts  of  water,  44.38  of  columbic  anhydride.  67.8S  of  , 
Hulphato,  and  S1.J2  of  fluorine.     Awuming  that  the  symbol  of 
bie  anhydride  is  C1,0,,  and  estimating  the  per  cent  <rf  oxygen  by 
loss,  deduce  the  percentage  composition  of  the  compound  awl 

Ans.  Columbium,  31.12;  Potassium,  3S.93;  Oxygen,  &.37*,  I 
orine,  SI. 72;  Water,  5.87. 

6.  What  -would  be  the  atomic  weight  of  columbium  if  d«Ai 
froin  the  result  of  the  above  analyses?  Aiul  9U 

0.    rrcvioua  to  the  recent  investigations  of  Marignac,  Ihasya 
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of  oolnmbic  acid  was  nsnally  written  CbO^  when  0  as  8,  or  C^O, 
when  O  — s  16.  What  proofs  have  been  given  of  the  correctness  of 
the  symbol  adopted  in  this  book  ?  What  was  the  probable  cause  of 
the  error  made  by  the  earlier  investigators  ? 

7.  By  what  general  method  may  tantalum  be  separated  from  co- 
lombium  ?    Hoir  can  you  tell  when  the  separation  is  complete  ? 

8.  What  compounds  of  tantalum  and  colnmbium  are  isomorphous  ? 
What  bearing  does  this  &ct  have  on  the  symbol  of  tantalic  anhy- 
dride ?  Does  the  vapor  density  of  tantalic  chloride  agree  with  the 
symbol  which  has  been  adopted  ?  Why  is  there  a  necessary  connec- 
tion between  the  symbol  of  the  chloride  and  that  of  the  anhydride  ? 

9.  How  may  tantalite  be  distinguished  from  columbite  ? 

10.  State  the  resemblances  and  the  differences  between  the  two 
inemben  of  this  group  of  elements. 


CHAPTER    SIX. 

THE  ABTIAD  ELEMKSTS. 

Dlvigiixn  I. 

233.  OXYGEN.   0=16.—  Dyad.     The  most  a 
and  [he  most  widely  diffused  of  the  elemenla.     Forms 
ol'  ihe  ntmosphcre,  iiiglit  ninths  of  warer,  more  than  three  funi 
of  organized  beings  and  one  half  of  the  solid  crust  of  thegli 

234.  Oxygen  Gas.  0-0.  —  Exists  in  a  frie  slale  in  tlie 
inoaphere,  but  mixed  wiih  nitrogen  gas.  May  Ve  extn 
from  the  air  by  eiiher  of  the  following  double  n^ociioaa. 
tallic  mercury  or  baric  oxide  \a  lirat  heated  in  the  air,  and 
ihp  products  of  the  first  reaction  raised  to  a  much  higher 
perature. 


1.  2lfg-)r&^  =  2HgO.  I.  25aO+®=©=2iiiiO^  r-j 
2.iHgO  =  2Hg-\-®'S>.    2.  25(iO,=2SaO-{-(S>®. '■ 

Generally  obtained  from  commercial  or  natural  producbi 
ia  oxygen,  by  one  of  the  reactions  given  below.  The  mate 
must  in  each  case  be  heated  (o  a  definite  temperature,  and 
last  two  reactions  require  a  full  red  heaL 

2KCIO3  =  2KCt  +  3tIKD.' 

4(/WS0,)  +2([OJ3SO.)  +8/r,0  +  S<E)=©. 

2Jfi»0j  -|-  2//,S0.  =  2MHS0t  +  2n,0  -\-  ®®. 

Sift  0,  =  J/n,  0,  +  ®^.  p 

2/^50,  =  2ff,0  +  250,  +  &<D. 

Also  by  electrolysis  of  water  and  by  [6C].  Oxygen  gu  I 
chief  product  of  vegetable  life.      Under  ibe  influence  of 

■  TMt  reaction  1b  (iTGiitly  bcititatvd  hy  mixing  Ihe  pntOMiO  dilnnlil^ 
oupric  oxide  or  nungiuiie  dioxide,  wlUoli,  however,  luulorga  la  tt*  |i|j 
oo  appArcnt  ahimi^.  ' 


ill's  rajs  ilie  plants  decompoaci  iht;  carbonio  acid  of  th^r  rmxl, 

itig  thu  uirtion  lUxA  tib«ruliiig  tlie  oxygen.     Oxygen  gas  maa- 

'/l  ifilemie  uflinilics,  bul  Uiese  ore  only  cnlled  into  play  uniler 

1  (xmUitioniJ.     (Review  Chapter  XII.  on  Combusiion.) 

ikan  elementary  siiIisUidcc  unttos  with  oxygen  it  is  faid  to 

'  "  »d,  and  when  llitt  eoinpoiinil  is  decom|iUBed  tlie  oxide  ia 

d  to  be  redaced. 

23S.    Oxygen  CompaHnds.  —  Tlie  most  important  claise-  of 
Morv  illustrated  by  the  following  symbols  and  exam  pies: — ' 
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or 

SM  0           as  in 

B,0 
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Jis,o. 

i. 

ko. 

« 
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¥' 

" 
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Hg,0 
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h 
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6. 

lo. 

" 

I^R-0-K)iO,     ■• 

s,o. 

A,,0, 

Bi.O, 

7. 

SO, 
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SnO, 

SO, 

CO, 

B. 

nft.* 

" 

(R-Ky.O, 

F^O, 

At,0, 

S.,0, 

>. 

"Ko, 

" 

J!;0,.[«J:0,    ■■ 

Fe.0, 

Cr,0, 

00,0, 

«. 

«.«. 

» 

{io-i)io,    " 

n,o. 

P.O. 

M,0, 

J- 

5". 

" 

(«-«)■  0, 

r,o, 

Sfi,0, 

a;o. 

«. 

«^, 

" 

RIO, 

so. 

S.0, 

MO, 

Aa  a  rule,  ihe  oxides  of  the  forms  1  and  3  ad  ns  anhydride 
MBM  (47).  and  are  called  protoxides.  On  the  ottier  hand,  the 
jxidcH  of  llic  forms  6,  7,  10,  nnd  12  eenprally  act  as  anhydride 
e  oxides  of  the  form  8  are  calli-d  sesqniuxiile.  Tliey 
Mially  act  a'  haaic,  but  sometimes  as  acid  anhydridea,  and  at 
ihcr  timca  like  the  hyperoxides  mentioned  liclow.  The  oxidM 
f  Uie  forms  9  and  1 1  are  very  indifferent  bodies,  iind  thwe  of 
e  first  class  are  somciimes  called  saline  oxides.  The  oxides 
f  the  forma  2  and  5  are  called  di  or  hyper-oxid*".  They  act 
•  powerful  oxidizing  afrents,  readily  giving  iip  one  half  of  the 
Jsygcn  Ihey  contain  [74]  [77].  The  oxides  of  ihe  form  4  are 
"  d  suboxides.  Tiiey  sometimes  net  as  anhydride  base*,  but 
*s  when  nrU'd  on  hy  acids  lliey  cVinaB  Vnlo  ■gTOVi-a- 
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ides,  either  giving  up  one  half  of  llie  malal  or  taking  up : 
again  oxygen  as  they  conlain.     Tlie  irlation  of  ttie  oxidn 
the  utidf,  ba^es,  and  sails  has  been  already  explained.    (T 
Chapters  IX.  and  X.) 

Besides  the  above  classes  of  oxides,  nlJ  of  uliich  compl 
actual  compounds,  there  are  others,  most  of  which  are  « 
known  as  compound  ladicals.  With  many  of  these  radiolj 
student  is  already  familiar,  such  as  SO^  SO,  NO^,  NO,P0, 
all  of  which  (he  oxygen  atoms  only  satisfy  a  part  of  tlie  ■£ 
ties  of  the  multivalent  atoms,  with  which  they  are  grouped, 
the  quaniivalence  of  the  radical  is  easily  found  by  Wara's  t 
(26.)  The  chemists  have  also  been  led  to  assume  a  vary  dU 
ent  type  of  oxygen  radicaL=,  in  which  the  aEBnities  of 
atoms  predominale,  and,  moreover,  it  is  frequently  conveoi 
in  expressing  the  composition  of  complex  compounds,  to  iitdi 
these  radicals  by  a  single  symbol.  The  following  exam 
illustr&to  the  most  important  classes  of  these  radicals  :^ 


Sfmbol*. 

luiDfJa. 

ko 

(fl-O)  __ 

Ro 

J/0 

Ao     (jva 

%■ 

f^O  R  U) 

Ko 

Ca/> 

Zm,        Fa 

mo, 

{OfJiJt-O.) 

«,• 

Alfi 

F,f       a. 

It  will  be  noticed  that  the  number  of  oxygen  atoms  io 
these  cases  corresponds  to  the  quaniivalence  of  the  metallic 
ment  with  which  they  are  united,  and  that  the  quantivalenoi 
the  radical  is  the  same  as  that  of  its  characteristic  elesi 
Hydroxy],  Ho,  is  the  type  of  this  class  of  radicals,  and  01 
may  be  given  to  them  all  formed  ai\er  the  same  analogy 
Polassosyl,  Zincoxyl,  —  hut  such  nnmes  are  rarely  used, 
relations  of  this  type  of  radicals  Io  the  three  great  claMM 
chemical  compounds  has  been  already  in  part  illustrated  (ll 
and  will  be  still  further  developed  in  the  present  chapter. 

236.  Oioan.  (0-0)'d  — The  best  opinion  thai  canatp 
ent  be  formed  in  regard  to  the  constitution  of  this  remotkl 
substance  is  expressed  by  the  rational  symbol  here  gh 
Ozone  is  formed  under  a  great  variety  of  conditionh*^'^ 
During  the  passage  of  electric  sparks  through  air 
2,  During  the  electrolysis  of  wu!er.     3.  During  the  slow 
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ition  of  pIicKphonii  in  moitt  uir.  4.  During  the  ^luw  coin- 
ktioo  of  oliwliol,  ether,  and  volatile  oils.  5.  By  dccgmimsing 
■  permanganate  with  sulphuric  Bi-iil,  nod  hy  several  other 
■iUr  rcactioiu-  Oznoo  m  thus  obtained,  however,  is  veiy 
gnly  dilitleil  with  air  or  oxygon  ga.'^,  und  ne  liiive  not  yet 
teM-di-d  in  pr(-[iariiJg  it  in  a  pure  condition.  It  dilt'cra  fi-om 
Bnary  oxygen  gtt-s — 1.  Inhavingnpeeuliarodor,  wiiU  which 
nm  ramiliiir,  as  a  coneomiiant  of  eleciriciit  action.  2.  In 
iiig  »  a  powerrul  oxidizing  agent  si  the  onllriiiry  lempei^ 
re  of  tilt!  air.  It  corrodes  cork,  iadia-nibher,  and  otl)pr  or- 
■ic  maierials.  It  bleaches  indigo.  It  oven  uxidlKCH  pilver, 
i  dtiplace«  iodine  from  its  meiattic  compounds.  If  a  »\\[>  of 
ler  mui^tened  with  starch  and  polassic  iodidi.'  is  in.sentd  in 
■r  eotituning  th«  smallest  trace  of  oione,  it  is  immediittctjr 
(red  blue,  owing  lo  the  liberation  of  the  iodine  (119).  In 
I  tDanncr,  paper  wet  witii  a  »olution  of  manganoua  sulphate 
turued  brown  by  osone,  owing  to  the  uxldittioo  of  the  tniui- 
i,  and  paper  stained  with  phimliic  sulphide  h  bleiu-hed  by 
me  ogeni,  because  the  blaek  sulphide  is  changed  lo  ths 
iln  sulphaio.  3.  In  the  fact  that  its  Sp.  Gr.  la  24  instead  of 
■Rie  formation  of  oxone  in  a  cnnfincd  mass  of  oxygen  gas 
llteaded  with  a  reduction  of  volume ;  and  since  the  ozone  (huB 
)m1  may  be  absorbed  by  oil  of  turpentine,  we  have  thus  the 
US  of  determining  its  specific  gravity,  and  the  results,  if  cor- 
,  prove  thai  the  molecule  of  ozone  consists  of  three  oxygen 
»§.  Again,  during  mo-^t  ca.'^ca  of  oxidation  by  ozone,  the 
ime  of  the  ozonized  oxygen  does  not  change,  and  this  fact  ia 
ilslnnl  with  the  theory  of  its  coiiBtilution  wliich  our  molecular 
loU  expresses,  as  is  itlustrated  by  the  following  reaction :  — 

Aff-Ag  +  2(0-0)'0  =  Ag,d,  +  20-0.       [284] 

!i  has  been  shown,  liotvever,  that  oil  of  liirpentlne  absorbs 
ni(Jecule  of  ozone  as  ii  whole,  and  i.t,  therefore,  an  exception 
1m  ge-neml  rule.  The  metal  in  the  nlwve  renrtion  is  ruiseil 
fii«  otmditioa  of  peroxide,  and  it  is  probable  thtit  Ecvcral  of 
oxides  Slid  oxygen  acids  contain  one  or  more  atoms  of  oxy- 
i  in  the  same  condition  as  in  ozone.  Such  compounds  have 
called  ooDiiides,  and  amoTig  them  are  classed  the  peroxides 
tSnr,  Wad,  and  mang»uese,  tlie  sesiiuioxides  of  nickel  and 
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wball,  a.4  also  chruiniir,  ninngiuiio,  atj<l  peniiaiigsiiic  i 
their  viirious  salts.  Ozonu  appears  to  be  coiisuiiitly 
the  alrao^phun.',  anil  importaat  clTtoLi  have  been  aluibiil 
its  inllueniT.  It  la^  been  tlioughi  to  he  ihe  active  agw 
processes  of  slow  combustion  and  (lecaj,  and  to  plaj  an 
laat  part  in  the  economy  of  nature.  At  a  letnperature  < 
ozooe  is  iiulaoliy  changi.*il  ioto  uommon  oxygen  gs^,  ami  u  t 
lemjieriiiure  no  higher  iban  boiling  water,  it  slowly  relurui  Id 
tbe  same  condition. 

237.  Aiitozon«.  (0-0)  =  a  — Whenever  ozone  is  prifwrjA 
there  appears  lu  be  I'arnied  at  the  same  time  a  i^eeoiid  iii<idilia*i 
tion  of  oxygen  gns,  which  preaeiitB  such  a  singular  anliihciig  lu 
ozone  as  to  lead  us  to  believe  that  it  ia  in  fact  tlie  same  ub- 
Glance,  only  oppositely  polarized.  Hence  vce  have  cullc^ii  ttas> 
loKone,  aud  assigned  to  it  ihe  symbol  at  the  head  of  ibU  iPttiae, 
although  our  theory  is  not  based  on  any  conclu.^'ivB  experiments 
and  our  knowledge  of  ibe  substance  is  still  very  iuiiH-rfecl.  It 
may  be  obtained  in  several  ways,  —  1.  When  dry  elecirilied  M 
is  parsed  through  a  eolmion  of  pyrogallic  acid  or  pota.^ic  iodlik) 
tlie  ozone  is  absorbed  aud  the  air  i^  left  chatted  wiib  anioztnw. 
2,  When  baric  peroxide  is  dropped  into  sulphuric  aciJ,  ilie  osr- 
fjen  evolved  is  more  or  less  charged  witli  the  same  agenL  1. 
When  plioBphoms  is  burnt  iadiytdr,  a  small  amount  nf  oxygen 
is  always  left  unconsumed,  and  this  appears  to  bo  in  tlic  cuiuB- 
tion  of  antozone.  Indeed,  it  lias  been  supposed  that,  in  all  rii» 
ilar  processes  of  oxidation,  both  ozone  and  antoisoDe  are  formvd; 
but  that,  while  the  oxygen  atoms  of  the  Rrst  enter  inlu  eamlir 
nation  with  the  burning  body,  those  of  the  laat  do  not,  owing  ID 
their  polar  conditiou. 

Antozone  has  an  odor  like  ozone,  but  much  more  rfjjiiliiTfc 
II  does  not  diiiplace  iodine  or  color  the  iodized  paper.     It  ilod 
not  oxidize  silver  or  the  solution  of  manganous  sulphate,  bul 
the  conti-ary,  i-emoves  from  the  paper  prepared  wiih  tbs 
ganous  salt  Ihe  brown  stain  which  ozone  had  msdo.    0 
ozonidu^  it  acts  as  a  reducing  agent.    [236.]     There  li^ 
ever,  another  class  of  substances  which  it  oxidizes,  and  i 
these  the  most  important  b  water,  with  which  it  fonnt 
peroxide. 

/r,0+  {0-0)'0=:I/,f/o^6-{-  O'O. 
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many  processes  or  ozonizing  wr,  [he  nnlozonc  unites  wiUi 
c»n<len$es  ihe  vnpor  present,  nlthough,  in  must  cases 
at,  tbe  nniun  appears  to  be  rattier  meehaDic&l  than  chemi- 

The  reartion  is  consequently  attended  wilh  [ha  ronnution 
lit^  or  clouds,  which  is  one  of  the  moat  Blrikiiig  properties 
lOEone.  The  smoke  of  gunpowder,  tobacco,  and  smoulder- 
bas  been  thought  to  be  an  antozoae  cloud,  and  [he 
ling  of  gas  jitra  iu  raany  chemical  experiments  has  been 
red  to  the  same  cause.  Opposed  to  the  ozoaides  we  have 
of  antoionides,  among  which  have  been  classed,  lie>ide3 
KTDxide  of  hjdfogen,  the  peroxides  of  barium,  strontium, 

a,  end  polaasium,  and  reactions  maj  be  obtained  between 

two  classes  of  compounds  which  are  very  inleresling. 
r  muuiall;  decompose  each  other,  with  the  evolution  of 

ogos,  thoB;  — 

(/»-0)-0  +  /7^/o=0  =  PSO+^0+  0-0.  [236] 

pare  also  [7o].  Antoxone  is  more  unstable  than  ozone, 
changes  back  to  osygen  gas  at  a  Btill  less  elevation  of  tem- 
nre. 


^«; 


and  ProUentt. 

itiug  the  lyinbal  of  oxygen  gsa  0=0t 


Wbst  ia  the  reoi 
and  (19.) 

Whst  ia  the  difference  between  tlio  condition  of  oxygen  gas  in 
ImMpbere,  and  that  of  Ibe  «nme  gas  in  a  pure  condition  con- 

i  bell-glass  standing  over  a.  pneumatic  trough? 
Were  the  nitrogen  gas  of  the  atmopphere  removed,  would  the 
ical  condition  of  the  oxygen  gat  be  changed? 
Tf  hy  cither  of  the  methodi  [228]  oxygen  gas  is  obtained  di- 
from  the  atmosphere,  how  many  litres  of  air  would  be  required 
■Id  one   litre  of  oxygen  gas  at  same  temperature  ami  press- 

(59.)  Ang.  4. J7  litres  ol' air. 

How  murh  potasaic  chlorate  mii?t  he  used  to  yield  lOO  litres  of 

■  at  30°  and  88  c.  m.  presnure?  Ane.   166  gr». 

What  weight  of  polansic  dichromnto   [230]  must  be  used  to 
a  Hue  of  oxygen  gas,  Sp.  Gr.  =-  96?  Ana.  S2.J7  gre. 

It  ja.oa  gmmmi^  ol'  pota.'sia  chlorate  are  decomposed  in  a 
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closed  TacQoiia  Teasel  of  1,010  c.  m."  capacity,  what  will  bflttnia 
of  the  gas  in  the  ve««e1  at  273°  ?  Ans.  131.6  c.  m. 

B.    ^Vbat  weight  of  oxygen  gas  is  required  to  fill  a  globe  of 
capacity  at  27°. S  and  36  c.  m.  pressure?  Aiia.  6.SlSgi 

9.    From  n  given  weight  of  WnO,  how  mufh  more  oxygen ga 
be  ubtaincd  by  reaction  [231]  than  by  [333]  V  Ant  )  oi 

)0.  A  volume  of  air  measuring  100  t^lll^  is  mixed  will  Si 
of  hydrogen  gas  and  exploded.     What  volume  of  gas  i>  left,  u 
ing  tliat  the  volumes  are  all  measured  under  standard  ct 
that  all  the  water  formed  is  condensed  ?     (AS.) 

Ans.  8  7.1  a  c: 

11.  In  an  experiment  like  the  last,  with  the  same  initio  \i 
of  air  and  byilro(;en,  the  rolume  of  the  residual  gas  measured  8l 
srsr*  What  is  the  composition  of  the  air?  It  is  asaumrd  H 
Tolomes  are  measured  under  a  constant  pressure  of  7S  c.  m.,  a 
a  temperature  at  which  the  tension  of  aqueous  vapor  eqaak  3 
Ans.  20.96  oxj-gen,  7. 

]!.   Analyze  reaction  [230],  and  show  from  which  of  the 
the  oxygen  is  derived. 

13.    Represent  reaction  [232]  by  graphic  eymbola. 

U.   What  volume  of  chlorine  gas  is  required  to 
litre  of  aqueous  vipor?  Ana.  1  lili^ 

15.  If  one  gramme  of  water  is  decomposed  by  gal 
closed  gla.'s  globe  containing  1,86  lilrea  of  air  under  r 
tiona,  what  will  be  the  tension  of  the  resulting  gas  mix 
out  of  the  account  the  tension  of  the  aqueous  vapor  whirh  nig 
present?  Ana.  153  c- 

16.  ICt;present  by  graphic  symbols  the  constitution  of  the  vi 
classes  of  oxides  and  oxygen  radicals. 

17.  In  the  symbols  of  acids,  hydrates,  and  salts  (35)  wrilU 
the  water  type,  to  what  da  the  oxygen  radicals  correspood  ? 

18.  ExpUun  the  change  of  color  which  takes  place  « 
moistened  with  a  solution  of  starch  and  potanic  iodide  is  espo 
the  action  of  ozone. 

19.  Expl^n  the  method  of&nding  the  Sp.  Gr.  of  oroiM. 

50.  Can  yoQ  devise  a.  method  of  finding  the  Sp.  Gr.  tt 
bwed  on  the  principle  of  (58)  ? 

!t.   Explain  the  reasons  for  writing  the  ^mbol  of  0KonB(0- 
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How  woM  yoa  write  the  symbols  of  tigentio  perosude  and 
ic  peroxide,  on  the  same  principle  ? 

Why  is  it  essential  in  preparing  antosone  that  the  electrified 
»uld  be  dry  ? 

In  what  different  ways  may  the  symbol  of  hydric  peroxide  be 
1,  and  what  theories  of  its  composition  do  the  symbols  suggest? 
lat  reactions  are  these  theories  sustained  ? 


Ditiision  a. 

288.  S0LPHT7K.  5=  32.  — Usually  Wralent  when  to 
combinalion  with  melaU  or  posiLive  radicals,  but  iu  oilier  aseo- 
ciatious  frequently  quadrivalent  and  eexivaleot.  \?idelj  and 
ftbunduntty  distributed  in  nature,  chiefly  in  combination,  form- 
iug  various  metallic  sulphides  and  eulpbatea.  The  most  aban- 
dant  of  these  arc  iron  pyrites,  FeS^,  and  gypsum,  CaSOt .  2ff,0. 
Found  also  native  in  volcanic  districls.  It  is,  moreovi-.r,  on  i* 
eential,  although  a  very  subordtnute,  ingredient  of  ibe  imiinil 
tissues.  Sulphur  ia  very  closely  allied  to  oxygen,  and.  corre- 
sponding to  each  metallic  onide.  there  is  usualfy  a  sulphide  of 
the  same  form ;  and,  Aubsliluling  the  symhol  of  sulphur  for  that 
of  oxygen,  the  tjible  of  oxides  on  page  301  will  serve  cquiill]' 
veil  as  a  classitication  of  tlie  sulphides.  Moreover,  we  hare 
found  it  convenient  to  assume  a  number  of  sulphur  radicab  cor- 
responding in  all  re.'pects  to  the  0K3'gen  radicals,  and  we  rept^ 
sent  ihcm  by  separate  symbols  formed  in  a  similar  way.  Tbiu, 
JA,  Pis,  Cu^,  Sb^  stand  for  the  radicals  HS,  PbS,,  Cb^ 
Sb%S„  respectively. 

The  greater  part  of  the  sulphur  of  commerce  comes  froai  lbs 
mines  of  Sicily,  where  it  is  either  melted  or  di.-tilled  from  ihe 
volcanic  earth.  A  small  quantity  is  obtained  by  roasting  (t-j 
distilling  iron  pyrites.  Common  sulphur  is  a  very  brittlir, 
bw  solid,  melting  at  114%  and  boiling  at  440°,  when  it  fc 
derse  red  vapor.  It  ia  insoluble  in  water,  and  nearly 
idcohol,  ether,  and  chlorofonn,  but  readily  soluble  ir 
bisulphide,  benzole,  and  oil  of  turppntine,  the  solvent  p 
the  last  two  liquids  being  greatly  increased  by  h^at. 
assumes  a  great  variety  of  allotropic  modificiitions,  wl 
manifested  by  differences  of  crystalline  form,  ^[lecific 
Bolubility,  and  color.  At  the  ordinary  tempemiure  it 
lizes  in  octahedrons  of  the  oriborhorabic  system.  -Sp.  Or. 
and  above  103°  in  oblique  prisms  of  the  monoclinic  .'^ysU 
Gr.  1.98.  Mon-over,  the  one  crystalline  condition  pat 
the  other  at  the  temperature  at  which  it  ia  normidly 
If  heated  to  230°,  mehed  sulphur  becomes  darker  ooloral, 
snd  pasty,  and  if  suddenly  cooled  the  tu 
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tome  time.    At  100°  this  plnslic  material  Boddenlj  chaDges  back 

to  brittle  sulphur,  with  evoludoo  of  heat,  and  the  same  change 

soon  follows,  although  more  slowly,  at  the  ordinary  tempemture. 

If  sulphar  ia  heated  to  230°,  and  snddenly  cooled  several  times 

Buccessiun,  it  is  iu  part  converted  into  a  peculiar  dark-colored 

iriciy.  wholly  insoluble  in  all  eolvenls,  and  easily  separated 

'  carbouic  sulphide  from  the  unchanged  portion.     Moreover, 

flowers  of  Bulphur  (formed  by  condensing  the  vapor 

ilphur  in  eold  brick  chambers)  consist  in  part  of  a  yellow 

powder,  insoluble  in  carlionic  sulphide,  wbii:h  appears  to  be  still 

aDOtber  condition  of  snlphur,  and  several  other  moditications 

(tiding  a  black  and  a  red  variety,  have  been  described  aB 

itlncl  allotropic  atatee.     Some  chemists  have  thought  to  find 

long  these  various  modiiiealions  a  difference  of  polar  condition 

to  that  observed  in  the  modiiicaiions  of  oxygen.     Sol- 

wr  appcai-8,  even  in  the  elate  of  vapor,  to  present  differences 

of  eotidiiion.     Just  above  its  boiling  point  the  Sp.  Gr.  of  sul- 

"  1  96,  which  corresponds  to  the  molecular  formula 

^^;  and  not  until  the  temperature  r<.'aches  1,000°  does  the 

"Sp.  Gr.  lieeome  32,  corresjwnding  to  the  formula  S^S,  like  that 

of  oxygen  gas.     Sulphur  has  strong  affinities  for  the  metals, 

y  of  which  burn  in  its  vapor  with  great  brilliancy.     It  baa 

a  strong  ufHnity  for  oxygen.     It  is  very  combustible,  taking 

■t  a  low  temperature,  and  forroing  by  burning  SO^     It  is 

u^d  for  making  sulphuric  acid,  and  vulcanising  india- 

ibbor ;  but  it  has  many  subordinate  applications  Irath  in  the 

18  and  in  medicine.     The  so-culled  milk  of  sulphur,  used  in 

lannacy,  is  obtained  by  dissolving  flowers  of  sulphur  in  alka- 

M  liquids,  and  subsequently  precipitating  with  acid. 

S89.    Hsdric    Sulphidt!,    Sulpho/tydric   Acid,    Sidpharelltd 

A/dregen,  HJi,  —  A  colorless  gas,  which  by  pressure  and  cold 

ly  be  condensed  to  a  limpid,  colorles*  liquid  {Sp.  Gr.  =  0.9), 

Bhig  at  — G'2°,  and  freezing  at  — 8G°.     Ia  soluble  in  water 

d  aloDhol,  one  measure  of  water  at  0°  dissolving  4.37  meas- 

Bi,aad  ooe  volume  of  alcohol  dissolving  17.9  measures,  of  the 

a  Bl  llie  aame  temperature.     Has  a  repulsive  odor,  and  i^  a 

natanl  product  of  decaying  animal  tissues.    Generally  obtained 

I  he  reaction 

A5+  (ffjSy,  -I-  Aq)  =  (FeSO,  +  Ai)  +  Ilr'^;  {iZ-i\ 


SULPHUR.  [im 

bat  as  the  feirona  sulphide  commotily  used  containB  more  or  lea 
KetiiUic  iron,  llie  gua  thus  prepared  is  miied  witli  bfdioj^ea. 
It  is  obtained  in  a  purer  condiiion  from 

5Ai,Si+(G^C/  +  J?)  =  (25fiC^  +  ^7)  +  3//,.'<  [23S] 

lljdric  Euiphide  is  very  combustible,  and  burns  niib  a  pds 
blue  flame. 

.  2^,5  ^30-0  =  2ff,0  +  2S0,  [239] 

The  Eolution  of  the  gas  exposed  to  tlie  air  soon  becomes  tui^id, 
owing  lo  the  oxidation  of  the  hydrogen  and  consequent  sepa- 
ration of  sulphur. 

(2^jS  +  Ag)  4-  (E>^  =  (2 W,  0  +  J?)  +  S=S.  [2«] 

If  the  action  is  assisted  bj  porous  solids,  the  osidation  l«  men 


(IIjS  +  Aq)  +  2®-®  =  {ffrOfSO,  +  Aq).  [241] 

The  substance  is  also  decomposed  by  chiorine,  broniijie,  or 
iodine. 

(2^,.^  +  2/-/+  Ag)  =  (-1/7/+  Aq)  +  88.  [2«] 

On  this  Inst  reaction  is  bRsrd  a  simple  process  of  dfterminit^ 
Tolumelricilly  the  amount  of  S^S  in  a  given  solution.  Tha 
compound  may  be  analyzed  hj  healing  metallic  tin  iu  a  coinlincd 
volume  of  the  gas. 


SI^  +  Sn  =  SnS  +  ^-TH. 


iUS] 


Although  the  sulphur  is  removed  by  the  tin,  the  volume  of  ibt 
gas  dors  not  cbfinge.  Hydric  sulphide  is  not  unfrcqnentif 
formed  in  nature  from  calcic  sulphate,  which  in  contact  iritll 
decajing  animnl  or  vegetable  matter  loses  its  oxygen,  wiwo 
the  curbonic  acid  of  the  atmospbore,  acting  on  ibe  resulliif 
calcic  sulphide,  sets  free  the  compound  in  question.  It  is  ihnt 
that  the  soluble  sulphides  in  many  mineral  springs  proliablj 
ori>rinfl(e. 

Hydric  sulphide  is  one  of  the  most  important  chemical  » 
agents,  and  is  used  to  convert  into  sulphides  various  metalBc 
b^'drates  and  other  salu. 


S30.]  SCTLPHUR. 

1.  Action  on  alkaline  bydrales. 

•K-0'ff+  ff,5+  Aq)  =  {K-S-JI-\-  ffiO  -\-  Aq).  [244] 

•K-S-ff-\- K-0-ir-\- Aq)  =  (A;5+  ff,0+A^).  [245] 

has  may  also  be  formed  M-Hi,  JV<vS,  NII^-H,,  (NS,j,'S. 
(8.) 
3.  AclioD  on  sslts  ofihe  more  electro-negative  metaU. 

{CdSO,  +  H^S+A<i)  =  CdS-\-  {ffjSO,  +  Aq).  [246] 

0  kIm>  may  be  precipitated  from  acid  aolutiona  of  their  ealta 
l^Ai,       Sb^S^       SI.,S„       S„  S.       SnS^.       PlS„       J  .<,5„ 

1  of  wliich  are  Boluble  in  iilkaliiie  sulphides,  and 
iiS,       CuS,       Jii^S^       Ag,S,        ITgS,       [/ft^-S,       PI'S, 

Obv.  Black.  BlHk.  Bluk.  Bluk.  Uluk.  Hluk. 

I  of  which  are  in^olable  in  alkaline  sulphides. 
8.  Action  on  sails  of  the  more  eleclro-po^itive  metals.  The 
mowing  sulphides,  although  not  precipitated  from  acid  eola- 
oaS  ore  precipitated  when  BufGcient  ammonia  is  addid  to  nen- 
•Bee  all  the  acids  present,  or  when  un  alkaline  sulphide  is 
Bed  tn  place  of  ff^S. 


ZnS, 


Mti.S, 


feS, 


NiS, 


CoS. 


I  At  Ihe  same  time  aluminum  and  chromium  are  al*o  precipitated 
I M  hydratfls.  The  remaining  common  metals,  viz. :  Ba.  Sr,  Co, 
I  Jfy,  K,  anil  Na.  forming  sulphides  soluble  in  water,  (ire  not  pre- 
I  aipjtaied  by  B^S  under  any  conditions.  Thus  ILS  serves  to 
ft  dvide  llie  metallic  radicals  into  group?,  and  on  ihese  relations 
Itfie  ordinary  methods  of  qualitative  analyeis  are  based. 
^^  At  Action  as  reducing  ngenl. 

W  (2-F.C4  +  2HCI  +  A<i)  +  S.  [217] 

Hl;[aj  0,  +  sffCT + sn,s  +  Aq)  = 

■;__'^  ([»,]  C4  +  iKCI  +  -H,0  +  A,)  4-  .Si.  [218] 


BL'LPHUE.  [saw. 

240.  Hydrie  PersulpMde,  11^%  aniJogoua  to  fft^^f,  tan  be 
obtained  by  gradually  adiliDg  to  bydrochloric  acid  eodic  bisul- 
phide.    It  IS  a  jellow,  oily  liquid,  and  very  unstnble. 

341.  Alkaline  Sulphidti  and  Stilphohydrata.  —  Solutiraa  of 

the  simple  eulpliides  and  sulptiohyd rates  ure  best  formed  ac 
above.  The?e  folutiona  readily  dissolve  sulphar,  and  varioog 
persulphides  are  thus  fnruu-d.'  The  following  six  sulpliidei  of 
potassium  are  known;  K,S,  KA  -^A  ^A,  A",-S„  and  iT-S. 
Other  modes  of  prepnrJtii;  similar  compounds  are  Ulustrnud  hj 
the  following  reacliopa :  — 


l2S+(6K-0'ff-^Jg)  = 

nS-{-»K-Off=  3A',Sj  +  KjSO,  +  4HjO.  [MS] 


6S+  SKfOfCO  =  iA'.Ss  +  K,S,Ot  +  3C0^  o 

i2.y  +  :tfr,'OfCO  =  aAVi  +  ^AO,  -|-  sco. 


[258] 


The  products  of  the  last  two  reuciions  are  not  oonstant,  but 
various  [leriulphides  are  formed,  depending  on  the  temperatura 
and  ihe  conditions  of  the  process.  The  re.'^uliing  mixture  isS 
yellow  solid  called  liver  of  sulphur.  When  treated  vriih  acidii 
the  various  sulphides  react  as  follows:  — 

(K-Jfs  4-  ^C?  +  Aq)  =  («■«+  Ag)  +  m^.  [254] 

(K,s\-  IHCl  +  Aq)  =  (2Ka  +  Ay)  +  33,3.  [215] 

iK,S,+  2HCl-\.Aq):=i2KCl  +  Aq)-i-»,-\-m^.  [W6] 

{2X^S,  -\-  A-,5,0,  +  BI7CI  +  Ag)  = 

{6KC/  +  SO,  +  ff,0  +  A^)  +  9S  +  SJSjil.  [35^ 

Solutions  of  the  alkaline  sulphides  or  sulphDhydrnfA  a 
oxygen  from  the  air,  and  are  thus  changed  into  persolf 
and  hyposulphites. 

'"'°'l^(^r!i^yS,-\-i(NIT,\S,0^-it-AH,OJ^A',).\\ 


MSO 


Snlpbtir  and  hj'dric  sulphide  react  on  the  alkaline  earths  ii 
■earl;  the  same  wa^s  as  od  liie  alkaiiea. 


CaSO,  -I-  40=  CaS+  iCO. 


[259] 
[2t!0] 


[261] 

2GiS  +  NfOfH,  =  Ca-Sfff,  +  CV»-0,  .ff,     [2021 

Mind  irlth  •>!«. 

Ca-Oiff,  -f  '2H,S  +  Aq)  = 

iw.,/w!*™^miikofii™-     (C'a^X,^^,  +  2^50-f  Jj).  [263] 

By  boiling  sulphur  with  milk  of  lime,  a  mixture  of  calcic  hy- 
jsnlphile  wtih  various  cakic  persulphides  is  obtained,  among 
rhich  may  be  dietinguished  CaS,  and  CaS^.  By  melting  to- 
ither  t'ulphur  and  i^aleic  bjdrate  or  carbonate,  there  resolts  a 
of  calcic  sulphide  and  calcic  sulphate.  If  pulverized 
.1  ia  also  added,  the  product  \»  chiefly  calcic  ttulpbide. 
242.  Compound»  of  Sulphur  and  Oxygen.  —  The  following 
e  known :  — 


Salpbnroiis  Anhydride 

SO, 

Solphtirous  Acid 

H^OiSO, 

ByposulphurouB  Acid 

HiOi(S-O-S), 

Snlphuric  Anhydride 

so„ 

Sulphuric  Acid 

HfOiSO^ 

Nnrdhausen  Acid 

HiO^'iSOiO-SO^), 

Dilhionic  Acid 

HiO,^{SOiS0,\ 

Trlihionic  Acid 

Hf0f{SO^-S-S0i), 

Teirathionic  Acid 

JIfO/(SOfS-S-SO,), 

Pcnialhionic  Acid 

IfyOilsOt-S-S-S-SOt) 

243.  Sti/phuroHi  Anhydrida.  SOf  —  Colorless  gns,  having 
familiar  gnffocaling  odor.  It  is  easily  condensed  to  »  colorless 
boiling  at  —10°  and  freezing  at  —76° ;  Sp.  ©t-  =  1-49- 
'unral  product  of  volcanic  action,  and  abundanlly  evolved  dup- 

;  the  roasting  of  copper  pyrites  and  other  sulphurous  ores. 

\y  be  prepared  by  dtfaer  of  the  following  reactions :  — 


3li                                           SlILPHCR.  [(ft 

.S:=S-l-2®=®  =  2B®r  lit 

iU^SO,  +  ffs  =  SgSO,  +  2S,0  +  s%  [as 

2/f,S0,  -\-  C=  2i3  D,  +  O®,  +231^.  [H 

S-5+  J/nO,  =  J&5+  S®,  [a( 

May  be  decomposed  by  the  reactions 

50,  +  3H-ff=  2N,0  -\-  HjS.  [» 

The  firet  reaction  is  obtained  by  passing  a  mixture  of  tb« ' 
ga.--es  through  a  red-hot  tube ;  the  secood,  by  adding  to  Iha 
luiion  eoDlaiDing  SO^a  small  amount  of  hydrochloric  acid  ■ 
a  few  pieces  of  zinc.  *  The  J/,S  may  be  detected  by  a  etri| 
paper  moistened  with  a  solution  of  acelate  of  lead,  tmd  tho  i 
tion  gives  us  the  means  of  discovering  small  quantities  oT^ 
Sulphurous  anhydride  is  a  powerful  reducing  agent.    11 

(2mO,  +  550,  +  iffjO  4-  Aq)  = 

'°*°*"^  (/-/+  5fftS0,  +  Ag).  [S 

{Ai,0,  +  250.  +  2Jr,0  -\-Aq)  = 

(-4».0,+  SJy,50,  +  Aq).  p 

(50,+/-/+  2B,  O^Aq)  =  (//,50,  +  2/H-+  Jy.J  [8 

(250,  +  2/r,0  +  J?)  +  ©^  —  (2/f,504  +  ^ff). 

PbOj  +  S®,  =  PbSO,.  p 

It  is  also  n  powerful  disinfecting  and  antiseptic  agent,  ut 
much  used  for  retarding  fermentation  and  putrefaction.  It 
bleaches  some  of  the  more  fugitive  colors  but  tbe  effect  is 
quently  transient,  and  the  reaction  not  well  understood. 

244.    Sulphite».  —  At  0°  water  absorbs  68.8  limes  its  bulk 
50j,  and  three  crystalline  hydrates  have  been  described, 
which  has  tbe  composition  50,.  I/,0,  and  has  been  rej 
sulphurous  acid,  but  ihia  opinion  may  be  questioned.    The 

]B  Bolution  acts  in  ali  ita  mechanical  relatione  like  ihe 


luttOD  of  a  gas,     Neverttiele5s,  in  its  obemical  relations  it  acts 
le  an  Bcid,  and  yields,  with  many  of  tLe  metallic  oxides,  hy- 
ral.es,  or  carbonates,  a  numerouB  class  of  salts  called  the  sul- 
phites.    The  followiog  examples  will  illustrate  their  geaeral 
eom  position : — 


Add  Sodic  Sulphite 
Neutral  Sodic  Sulphiu 
Calcic  Sulphite 


IfJfa'0,'SO.iJf,0, 


The  sulpliiti;B  are  generally  best  prepared  by  transmiltiDg  a 
!*m  of  SOi  ihroilgh  water  ia  which  the  metallic  oxide,  by- 
rate,  or  carbonate  is  suspended.     The  alkaline  salts  are  the 
eoly  sulphites  which  are  freely  soluble  in  water.     The  sulphites 
of  barium,  strontium,  and  calcium  dissolve  to  some  extent  in 
ater  chatted  with  SO^,  and  in  this  respect  the  sulphites  re- 
mble  die  carbonates.     Argentic  sulphite,  which  may  be  read- 
f  obtained  by  precipilaljon,  undergoes  a  remarkable  rcactioa 
hea  boiled  with  water. 

\3iOiSO  +  {H^O  +  A<i)  ^ 

AgAg  +  (H.^OiSO,  +  Aq).  [275] 

S46.   Htfjiosulpkites.  —  Hypos ulphurous  acid  ban  never  been 

mUted :  but  several  hyposulphites  may  be  obtained  by  passing 

n  of  i'Oj  through  solutions  of  the  corresponding  sul- 

or  digesting  a  solution  of  the  sulphite  on  powdered 

,«Blpbur. 

8+  {NafOi-SO-\-Aq)  =  {Nai-Of{S-0-S)  +  Aq.  [27C] 

Calcic  hyposulphite  is  formed  spontaneously  in  large  quanti- 
n.  both  in  the  refuse  lime  taken  from  the  purifiers  of  ihe  p;as- 
»ka,  and  in  the  refuse  after  the  lixivintion  of  ihe  black-ball  at 
e  alkali  works,  and  from  this  source  sodic  hyposulphite  is 
iw  obtained.     It  is  the  only  hyposulphite  of  practical  value, 
id  is  not  only  uspd  in  photography,  hut  also  for  removing  the 
It  traces  of  ehtoriue  from  the  bleached  pulp  used  in  paper- 
ing, and  in  the  Irestinent  of  silver  ores. 
»«.  Sulphuric  Anhydridt.  SO,— Soft,  white,  silky-lo'iking 
nine  solid,  melting  at  25",  and  volalilinng  at  35°.     May 
either  by  distillation  from  the  Nordhauseo  acid  or 


SULPHUR.  [{1(1- 

Trom  BoJic  disulphate,  or  e1$e  b^  pnasing  a  mixture  of  .SO,  asd 
O'O  through  a  heated  tube  filled  with  platinum  sponge. 

S^-OriSOtO'SO^)  =  H,'0fS0j  +  aSJ^      [277] 

lfaiOi^{SO,'0'SO,)  =  NafOrSO,  -\-  S®,    p78]j 

20®,  +  ®<£)  =  2B%  [271 

It  unites  with  muij  metallic  oxides  to  i'ona.  sulphaMts  t 
barj-ta  burns  in  its  vapor, 

BaO  +  3©,  =  BaO.SO^.  [28 

It  has  B 
the  unio 


ense  affinity  for  waler,  and  the  beat  ileveloped  I 
io  great  that  the  soliil  hisses  like  red-hot  iron  w' 
>  the  liquid. '    The  product 


dropped  i 
acid. 

247.    Salphurylie  Chloride.  S0,Clr~Mi7  be  fonorf| 
the  direct  union  of  SO,  and  Ci-Ol  under  thu  inUueDce  of  | 

Bunliglil,  also  hj  the  reaction 

Jf^SOt  +  iPCl,  =  SO^Ol,  +  2PC/,0  +  iffCt  [ 


The  product  i9  a  liquid  boiling  at  8 
decomposed  by  water. 


;  Sp.  Gr.  1.68.    Ski 


SO,C/,  +  2n,0  =  fftSO,  +  -21101. 


[« 


There  hare   also    bcon.  described    the    allied    compc 
H-OSOiCl  and  SOJf.     The  relations  of  iheso  compon 
to  sulphuric  acid  will  be  made  more  evident  by  wriiiDg  a 
symbols  thus ;  — 


m,=so.„ 

248.  Sulphur 


ffo,Cl'SO„  ClfSO^  ^'SO^ 

■cAcid.  NrO,-SO^  Of  JTofSO^—Tha  ft 
:  interesting  as  illustrating  the  constitotin 

this  important  acid,  although  of  do  practical  value  i 

of  makiagit: — 

mm  +  so^  =  i/o,-sOr 

H,0 -\-SOi=.  II,O,S0p 
2HiOfSO-{-  0-0  =  2fffOfSO, 
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or  ihe  nsM  of  the  arts  the  acid  is  made  in  enormous  quacti-, 
«  by  baruiDg  sulphur  iu  large  brick  oveDs,  and  coDveying  the 
Of  ihua  fonned,  together  with  steam  and  nitric  acid  fumes, 
ineraled  eimultaneously  [135],  into  large  chambers  lined  with 

SO,  +  iimO,  =  ff^SO,  +  2N0,  [287] 

3A'0,  +  I£,0  =  iHNO^  +  NO.  [288] 

UNO  +  0^0  =  2  NOr  [289] 

These  reactions  may  be  repeated  Indeflnitely,  and  it  is  evi- 
!Dt  that  the  same  quantity  of  nitric  acid  would  serve  to  con- 
;>en  an  inflnile  amount  of  SO.,  into  H^SO^,  were  it  not  for  the 
)asa  occasioned  by  dm  coustant  drad  of  air  through  the  cham- 
bers.    The  reaction  eonsisls  essentially  in  a  transfer  of  oxygen 
r  lo  the  SO^  the  nitrogen  compouDds  acting  as  the 
^mediator,  and  the  dratl  yields  the  requisite  supply  of  oxygen 
When  the  amount  of  aqueotis  vapor  b  inaufficienl,  there 
forma  ia  the  chambers  a  white  crystallioe  compound  of  ^ome* 
it  oncertain  composition,  but  io  which  has  been  assigned  the 
ITiiibol  (A'0,)/(50,-0-50,).     When  mixed  with  water,  this 
^^nonpotind  breaks  up  into  sulphuric  acid  and  nitrous  anhydride, 
O  that  the  formation  of  the  acid  may  also  be  represented  by  the 
ing  equation^  which  are  thought  by  some  cliemista  to  rep- 
Beot  the  process  more  accurately  than  tboae  given  above:— 

SO,  +  2HoNOt  =  Ho^SO,  +  2^0,  [290] 

42fO,-\-  iSO,+  0-0  =  -2{NO,)i{SOiO'SO,).  [291] 

{SOM^OiO-SO,)  +  2H^0t^ 

2Ifo,SOf -\- Jf,0^    [292] 

[293] 

[29<] 

Id  nun ufac luring  sulphuric  acid  iron  pyrites  is  now  frequently 
led  instead  of  sulphur.  This  ore,  burnt  in  kilns  adapted  lo 
M  purpose,  yields  a  plentiful  supply  of  SO^,  which  is  converted 
ilo  sulphnric  acid  in  lead  chambers  as  before.  The  acid  drawn 
am  Ibo  citambers  is  very  dilute,  and  for  most  used  must  be 


BlfjO,  +  //jO  =  iffoNO,  +  4N0. 
2N0+  0-0  =  2N0t. 


^H 

^^^H 

H6                                           SULPHUB.                                      [SSl 

concentrated  by  evaporation,  which  is  begun  ia  leaden  pi 

acid  Uiua  obtained  corresponds  to  the  symbol  H^SO,.     It  ll. 
oily  liquid  (oil  of  vitriol).  Sp.  Gr.  =  1.8i2,  boiling  at  327',a 
crystallizing  at  a  low  temperature.     If  during  the  ovapon^ 
the  lemperature  ia  limited  to  205°  C,  au  acid  is  obtain^  of  1 
composition  HJiO^ .  H^O.  and  Sp.  Gr.  1.7S,  which  crystalD: 
at  9',  and  by  limiting  tliu  tempeniture  to  100°,  still  a  aeM 
definite  hydrate  may  be  obtained,  H^SO^ .  tll^O.  which  hai  \ 
Gr.  =  1.62.     Oil  of  vitriol  may  be  mised  with  water  in  1 

inmra  of  con  den  sal  ion  and  the  maximum  of  heat  beiDg  aliKin 
wlien  the  proportions  are  such  as  to  form  the  second  bydn 
A  definite  Sp.  Gr.  corresponds  to  each  degree  of  dilutioa,  1 
tables  have  been  prepared  by  which,  when  the  specific  gnc 
3  known,  the  strength  of  the  acid  may  be  determined.    1 
Hhort  table  whieh  follows  gives  all  the  data  required  for  J 
problems  in  this  bocA:  — 

PnCmtof 
0,30,. 

M'lfi'?" 

PiaCmtor 
SO, 

n^so,. 

S£- 

100 

ll 
ll 
80 
75 
70 
66 
60 
56 

1.83  re 

1.8220 

I.78C0 
1.7340 
1.6750 
1.61S0 
1.5570 
1.60tO 
1.4460 

81.6S 

77.55 
73.47 
68.38 
66.30 
61.23 
B7.14 
G3.05 
48.98 
44.89 

SO 
4Q 
40 
35 

30 
25 

20 
15 
10 
5 

i.39ao 

1.3510 

1.3060 
1.S640 
1.2230 
1.1S20 
1.1440 
I.IOGO 
1.0G80 
1.0320 

40.81  ^1 
36.73  ^H 

83.es^^H 

10.40  ^1 
16.»,^H 

4,0B^H 

In  consequence  chiefly  of  its  strong  attraction  for  water,  s^H 
■hurlc  acid  disorganizes  and  blackens  both  animal  and  nge^H 
tie  tissues.     It  is  also  used  as  a  hygroscopic  agent,  and,  Ofl^^l 
imited  conditions,  for  the  dehydration  of  various  cberoicKt  t»^H 
[wund.'i.     Its  action  on  different  chemical  agents  has  Iwen^^| 
ready  repeatedly  ilJustratiMl.     (See  [fi4].  [-231].  [263].)    ^H 
brms  several  classes  of  salts,  as  is  illui^trated  by  tho  folltnri^H 
xamples ;  —                                                                             ^^H 

ini^^^H      SELE.VIUM. 

Arid  Sodic  Sulpbnte 

ffo,yao-SO.„ 

Kenttal  Sodic  Sulphate 

Nao^'SOj  anil  wilh  lOIf^O, 

8odiG  DUulphate 

Jf^ao,'(SO,'0'SO^, 

Cupric  Sulphate 

Cuo^SO^.bH^O, 

Ferrous  Sulphate 

FcqS0,.7I/,0, 

Potassio-rerroua  Sulphate 

Feo'{S0-O,^S0yKo,.  GH,0, 

Aluminic  Suljihate 

Alfii(SO^,.lSI/,0, 

Commoa  Alum 

Ko,'(SO,),iMfi.2iIf,0, 

^Dcic  Sulphate 

Zno^SOt, 

Diziflcic  Sul[>hale 

Zm^iSO, 

Trixincic  Sulphate 

ZnOjIS'.      . 

The  last  may  be  regarde<l  aa  an  orthosulphate,  but  salts  of  this 
clttss  (ire  wholly  exceptional. 

249.  Nordhamtn  Sulpharte  Aeid,  ffo,'{SOj^0'SO;),  corn- 
^MOding  to  ihe  di^ulphates  in  coDstitutiou,  may  be  prepared  by 

SO,  in  H,SOf,  and  has  been  manufactured  for  many 
yean  at  the  Germuo  town  whence  it  takes  iu  name,  by  the 
liutillalion  of  ferrous  sulphate.  The  mauufAclure  of  sulphuric 
scid  la  one  of  the  most  im^Hirtant  bmnches  of  industry  in  a  ci?- 
Qlsed  community,  as  there  h  hardly  an  art  or  u  trade  into  which, 
in  some  form  or  other,  it  does  not  enter. 

250.  SidphuTom  Chloride.  5j67,  — Yellow,  volatile,  fuming 
liquid,  formed  by  distilling  sulphur  in  an  atmosphere  of  chlorine 
fpA.  It  is  a  powerful  sulphur  solvent,  and  has  been  used  for 
Tulcanixing  inilia'rubtier.  It  is  decomposed  by  water,  but  mixet 
with  beniole  and  carbonic  sulphide.  Sulphuric  chloride,  SCl^ 
Bad  eevernl  oxychlorides  of  sulphur  are  also  known. 

«51.  SELENIUM.  &  =  79.4.  TELLURIUM.  7>  = 
]Sd.  —  Two  very  rare  element?,  clwely  allied  to  sulphur,  but 
presenting  i'uch  differences  as  might  be  anticipated  in  elements 
!  chemical  serieii.  They  form  compounda  with  h3f- 
>n,  H^Se  and  H.,Te,  analogous  to  //,.%  and  compounds  wilh 
and  hydrogen  resembling  sulphurous  and  sulphuric  acids- 
Selenium,  which  follows  in  the  series  next  to  sulphur,  mani- 
als  its  relationship  in  many  ways.  The  elementary  substance, 
hidi  in  ibt  ordinary  condition  is  a  brittle  solid  having  a  glassy 
actnre  and  a  dark  brown  color,  >^,  Gr,  4.3,  may  be  obtained 
I  Kvera]  ullotropic  states,  and  in  one  of  these,  when  its  Sp.  Gr, 


^  4,8,  it  has  the  Bome  monoclinic  form  and  molecular 
as  tlio  correspomling  condition  of  eulphiir.     It  readily  uelu 
a  varying  temperature  above  100°,  depending  on  its  tmi^c 
and  at  700°  is  converted  into  a  deep  yellow  vapor  whitfi  h 
been  observed  to  have,  at  a  high  temperature,  Sp.  Gr.  ^  8!. 
burns  in  the  air  witii  a  blue  flame,  forming  chiefiy  SeO^S 
emilA  an  oflen^iive  odor  resembling  putrid  horseradish.    Hydi 
eelenide,  also,  is  a  gas  with  a  di^gustiog  smell,  vrhich,  like  B^ 
precipitates  many  of  the  metals  from  solutions  of  their  tails 
eelenides.  Selenic  acid  is  a  thick  oily  liquid  like  sulphuric 
and  many  of  the  selenatea  cannot  be  distinguished  by  mere 
external  characters  from  the  corresponding  eulphales.    S 
nium,  moreover,  is  almost  invariably  found  in  nature  aasoci 
with  sulphur,  and  is  extracted  from  the  residues  resulting  I 
the  treatment  of  sulphur  ores.     There  are,  however,  a  few 
minerals  which  consist  mainly  of  metallic  selenides.     An 
the  most  important  of  these  may  he  named  Clau^tbalitei  J' 
Berzelianite,  CiiSe,  NaumannilB,  AgiSe,  and  Onofrile,  ^St, 

When  we  descend  in  tlio  series  to  Tellurium,  we  fini~ 
marked  differences.  The  elementary  substance  has  a 
wliit«  color,  a  bright  metallic  lustre,  and  outwardly  resemblw 
netal.  It  is  closely  allied  in  many  of  its  physical  propertlt 
bismuth.  It  crystallizes  in  rhombuhedrons,  and  the  mio 
Tetradymite  has  been  regarded  as  an  isomorpbons  nuxtore 
native  tellurium  with  native  bismuth.  Its  Sp.  Gr.^C.2, 
its  atomic  volume  is  very  much  nearer  that  of  bismuth  and 
ttmony,  than  that  of  selenium  and  sulphur.  Nevertltdsa^ 
other  relations  it  is  closely  allied  to  selenium.  It  is  hu6 1 
brittle,  a  poor  conductor  of  heat  and  electricity.  It  Fusot 
tween  425°  and  475°,  and  at  a  high  temperature  yields  a  ydl 
vapor  which  hna  a  speciRc  gravity  corresponding  to  the  mo) 
ular  formula  Te'Te.  When  heated  in  the  air,  it  bums  wHli 
greenish  blue  flame,  and  is  converted  into  lelluroua  aoh) 
TtOj.  Lastly,  hydric  telluride  resembles  closely  hydric  W 
nide,  and  the  salts  of  lellurous  and  telluric  acids  are  similar  tei 
corresponding  seleniles  and  eelenates ;  but  telluric  acid  does  I 
like  selenic  acid,  form  salts  corresponding  to  the  alums,  and 

1  The  qQOtisntt  obti^nsd  bj  dividing  the  molecolur  vciglits  oTdib 
•olid  rntiiiancei  by  their  rc«pectlre  ipeciflc  grnvitlM  may  tw  regsrW 
pmporllaiuU  lo  tb«lr  molecatar  volnmH  in  ibe  uUil  luaa. 


3  IIOLTBDENTTM.  821 

Tt  lees  Etab]«.  Tellurium  is  the  chief  coDstiliient  of  a  few 
satire  compounds  irhich  are  highly  prized  as  minerals.  Be- 
sides Tetradymile,  Bi,Tf^  we  have  Hessile,  Ag./re,  Sylvaniie, 
A^AuTe,.  Aiiaiie,  PbJe,  and  Nagyagite,  which  i-j  a  BulphoteU 
Inride  of  lead  and  gold  of  somenhat  UDcertatn  compoeiiion. 
TUe  elements  of  tliis  group  form  then,  evidently,  a  very  well- 
Bnarked  series,  in  which,  as  io  the  chlorine  serie?,  the  chemical 
eneivy  diioinishea  as  the  atomic  weight  iocreuses. 


Division  HI. 

252.   MOLYBDENUM.   J/o^96.     One  of  tiie  rarer  elo- 

mts,  but  not  unfrequentiy  mut  with  in  the  mineral  kingdom, 

nntalty  in  combination  with  sulphur  forming  the  mineral  Molyb- 

rtv,  MoSj.  which  bo  closely  resembles  foliated  graphite  that 

(wo  might  easily  be  mistaken  for  each  other.     From  this 

minernl  we  readily  obtain  by  roasting,  at  a  low  red  heat  in  a 

■mrrent  of  air,  roolybdio  anhydride,  MoOg.  which  is  the  moat 

■^dnneleristie  compound  of  the  element.     When  pure,  the  an- 

rdride  is  a  pale  buff-colored  powder,  fusing  to  a  straw-colored 

0U%  at  a  red  heal,  and  volatilizing  at  a  higher  temperature.    It 

■  only  sparingly  M>luhle  in  water,  but  readily  dissolves  in  ordi- 

acids,  in  a(|ua  ammonia,  and  in  solutions  of  the  alkaline 

h^ratea  or  earhannte?,  HTid  forms  with  mclallir  oxides  a  nu- 

class  of  ealla  called  molybdates.     Plumbic  motylxlate 

<WiiIfwiile),  Pl>'0,^MoO^  is  sometimes  found  in  beautiful  yel- 

Imr  or  red  crystals  associated  with  other  lead  orei',  and  molyb' 

of  ammonia,  {NHt)fOiMoO^.  is  much  Ui^ed  in  ihe  liil>or- 

I  a   lest  for  phosphoric  ncid.       Besides    MoO^   the 

also  forms  compounds  with  one  and  with  livo  aloma 

Jtf  oxygen,  MoO  and  MoO^  which  ad  as  basic  anhydrides, 

there  is  also  an   intermediate  oxide  having  a  beauliful 

color,  and  another  having  a  dull  green  color,  which  are 

led  by  tlie  action  of  SnCli  and  other  reducing  agents  on 

ltd  solulions  of  ihe  molybdales,  and  the  accompanying  change 

aAoT  serves  as  a  very  striking  test  for  molybdenum.     In  so- 

tioiu  of  tnolyb'lic  acid  or  of  molybdales,  wlien  acidified  with 

'dnidiluric  add,  H^S,  gi%'es  a  brown i«h-black  precipitate  of 

tlteni  u  ulll  a  thir^  BulsIii(tef.J&^  which,  ss  woll 


TTNGSTES. 

Bsthelflst,  sctsaBasulpIiuraeid.     There  ereoW' 
Mo  Cl^  and  Mo  Clf.   The  elemenlary  Eubstitnce  is  n  brittle  < 
wbilc  metal  (i^.  ^f.  ^8.6),  which  is  nnnlternble  intfaei 
veiy  inrueihie.     It  can  be  oblained  without  rliflicultf  faf 
cing  the  oxides  wilh  charcoal  or  hydrogen,  but  unless  the 
perature  is  very  liigh  the  metal  is  left  as  n  gray  powder, 
name  ia  from  the  Greek,  and  Rigaifiea  ''u  mass  of  lead.** 
253.   TUNGSTEN.    B^=  184.  — This  element  oc< 
tolerably  large  ([iiantitiea  combined  with  calcium  in  the  n 
Seheelite,  Ca  W0^.  and  with  both  iron  and  manfrunese  it 
fram,  of  which  there  are  two  rarielies,  2fe  ffO,  -|-  SJfit 
and  AFe  WO,  +  Mn  WO,.     Both  minemis  are  d« 
acids,  and  by  this  tneHnM  we  rcailily  obtuin  tungsiic  onbj 
W0»  a  yellow  powder  insoluble  in  water  and  acids,  bnt 
dissolving  in  ammonia  and  solulions  of  alkaline  bydrU 
even  decomposing  with  effei'sescence  the  alkaline  cm 
when  heated  in  solutions  of  their  salts.    From  a  boiling  aJiii 
eolutioD  of  lungslic  anhydride  the  common  acids  throw  dm 
yellow  precipitate  of  tungstic  acid,  H^WO,.     This  dcid 
with  bases  s  numerous  class  of  salts  called  lungslates.  whi^' 
although  of  little  practical  importanc<^,  are  theoretically  veij 
interesting,  nnil  have  been  the  olijeet  oF  careful  inve<fi^ii(po. 
There  are  ses'eral  (at  least  two)  distinct  types  of  these  mIul 
and  there  are  al^^o  two  modificalions  of  tungstic  aeid  ;  fop,  hfr 
Bides  the  onlinnry  insnhihlp  condilioM,  both  niolybdic  and  iniuf- 
Stic  acids  have  been  obtained  in  n  colloidal  condition,  in  whii^ 
they  are  very  soluble  in  wn'er  (J>7).     The  lungstates  Imve  ibe 
same  crystalline  form  as  the  corresponding  molyltdwie',  ntwl  ■ 
tnngilate  of  lend,  isomorphous  with  Wulfenile,  is  a  ivell-knowa 
mineral  called  Scheelline.    Besides  WOa  there  is  an  oxiile.  WO, 
which  also  acts  as  an  acid  anhydride,  and  thera  is  alH>  on  iM/f' 
mediate  oxide  of  a  splend'd  blue  color,  which  may  bp  producfd 
by  the  action  of  reducing  agents  on  the  anhydride  nr  the  soloUf 
tiing*lBte«.     Tungsten  is  not,  like  molylwlenum,  preoipiiatrd  If 
H^  but  the  Buljihide,  WSp  has  been  prepared  ariliicially,  wJ 
resembles  very  clo=ely  the  native  molybdenite.     Thi 
a  sulphide,  ITS,,  and  there  are  two  volatile  chlorides.  WCI, 
WCIf     The  metal  itself  {.'^.  Or.  17.6)  is  easily  redoeed, 
in  consequence  of  its  great  inTusibility.  cannot  be  obtain«d 
compact  state  except  at  a  very  high  temperature.     It 


m-gray  color,  and.  when  alloyed  willi  sleel  (o  ihe  eslent  of  8 
10  per  cenl.  ruiidcrs  tlie  meld  exceedingly  li.ird.  The  com- 
undsnoiUteror  tungsten  nor  of  molybdenum  have  found  any 
portojit  applications  in  the  art^,  aktiough  eodic  tungstate  has 
en  nscd,  mixed  with  siarcb,  in  finishing  [.'ambries,  because  it 
a  been  found  to  render  those  light  fabrics  less  inflamraahle. 
le  name  tungsten  had  a  Swedish  origin,  and  signified  in  the 
i^al  ''tii;avy  alone." 

Quesliom  and  Problem*. 
1.   What  'a  the  per  tent  of  anlphur  in  pypeum  and  iron  pyrites? 
Ana.  Ci3.3^  per  cent  und  18.8  per  cent. 
S.  Write  the  symbols  of  the  dJlTurent  classes  ofsulpbides, 
B.   £xprc48  by  grupliic  eymboU  tlic  conaiJtution  of  the  variouB  iul- 


By  heating  lO.ono  grammes  of  tilver  in  the  vapor  of  sulphur, 
us  obtained  11,4)415  grammes  of  argentic  sulplilde.  What  lethe 
lie  weight  of  sulphur  'f  What  aieiimption  is  mndc  in  your  calon- 
n,  and  what  ground  have  you  fur  tliis  assumption  ? 

Ans.  S2.000. 


7,   Wliftt  weight  of  ndphur  is  containud  in  one  litre  o[  H,S? 

Ans.   I.43t  gramniei. 
6.   How  much  anlimonious  sulphide  is  required  Ibr  the  picpaiadon 
One  litre  of  hydric  sulpliidc  ?  How  much  to  prepare  3-10  gi'ammesV 
Ans.  5.076  grammes,  1133.33  grammes. 

9.  What  volume  of  oxygen  gas  is  required  to  burn  one  Utre  of 
,S,  Hid  what  are  the  volumcB  of  the  nerifonn  products?  . 
Am.  1}  litres  of  oxysi^u  ^"^  "ac  litre  of  aqueous  vapor,  and  one 

of  sulphurous  anhydride. 

10.  One  litre  of  (ll,S-\-  At/)  saturated  at  0°  will  absorb  what 
lame  of  oxygon  gas,  and  will  yield  vhnt  weight  of  sulphur? 

Ans.  S.1R&  litres,  6.363  grammes. 

11.  Aamming  that  a  solution  of  iodine  in  a  solution  of  potaaiic 
Udv  baa  been  prrparad  of  known  strength,  how  may  this  bo  used 

a  the  quantity  of  //,>S  in  a  mineral  w 


QUESTIOKS  AKI'  FBOBLEMS. 

12.    The  specific  gravity  orfaydric  lulphlde  bu  been  ronodbfd 
periinent  to  be  n .2,  and  by  reactioii  [3-13]  it  ii  iboira  thu  owt^ 

uuie  of  the  gas  contains  an  equal  voiume  of  bydn^n.  Sboi 
these  results  agree  <[iiito  cloaely  with  the  maleculiir  symbol  m 
lo  the  compound,     llow  do  you  explalu  the  slight  dlscrepuc; 

IB  by  which  bydrii;  sulphide  is  foriDei 


cak-i< 
U. 


lulphate. 


Wn 


'  the  r 


1   by  whith  Nll^tls  may  be  formed  from 


15.  Write  the  reaction  of  7/,S  gaa  on  solution  of  plumbic  acetate, 
and  calculate  what  volume  of  {U^S  -\-  Aq)  saturated  at  0°  woiddbe 
required  to  precipitate  0.307  grammes  of  lead. 

Ans.  5.109c.^.'offl',S-|-vly, 

16.  Write  the  n^action  of  H^S  on  solntion  of  acetate  of  fine. 
What  inference  woald  you  draw  from  the  fact  that  Zu  a  prvcijBtaled 
by  thiB  reagent  from  an  acetic  acid  solution,  while  Ft  and  J/rt  m 
not? 

17.  tr)to*vhat  pvups  may  the  metallic  radicab  bo  divided  bf 

means  of  the  two  reagents  hydric  sulphide  and  ummon 

and  how  miisi  the  reagents  be  used  in  order  to  separate  theae  g: 
from  a  pvnn  solution  ? 


18.   In  reducing  !S  grammei  of  iroi 
to  that  of  Itirrous  chloride,  how  much  w 


froin  tbe  conditioD  of  li 
Iphur  is  pn^cipitaled  ? 
Ana.  8  granu 

19.  Analyze  the  reactions  [3J8]  and  [3-1!)].  and  show  be 
n,S  gas  nets  as  a  reducing  agcut  in  each  case. 

20.  Write  the  reaction  of  hydrochloric  acid  on  sodic  biaulpl 

21.  Represent  by  grapbic  eymbola  the  constitution  of  the  *: 
potBxsic  sulphides. 

22.  Aualyi:e  reactions  [250]  to  [2G3]. 

ee.   Write  reaction  wben  eutphur  and  milk  of  lime  are  buledf 
gather,  assuming,  firet,  that  CaS,.  and  second,  that  CaS^.  ii 

24.  Write  reaction  when  sulphur  and  calcic  hydrate  i 
together,  assuming  that  Cni',  and  CaSO,  are  produced. 

25.  Represent  by  graphic  symbols  the  composition  of  Ibe  « 
pounds  of  sulphur  and  oxygen. 

26.  la  the  qnantiTslenee  of  sulphur  in  the  sulphites  and  hjTJ 
phitea  the  same  as  in  the  sulphates,  So,  ? 


QUESTIONS  AXD  PBOBLEMfl. 

,   Wbat  volume  of  salpliiirouB  snliydritle  would  be  ftirmeil  by 
rning  S.aiS72  gnunmei  of  sulphur?  Ana.  2  litres. 

.  It  baa  been  obiervod  that  when  sulphur  bunu  m  oxygen  the 
lunie  of  the  product  Is  the  same  as  the  inilial  volume  of  oxygen 
It  bu  been  found  by  experiment  that  the  Sp.  Gr.  of  sulphur- 
■  snbydride equals  32.25.  Iloir  do  theae  facts  uorri'^^pond  with  Uie 
itecolar  (ymbol  usually  assij;ned  to  the  compound  V  What  is  the 
'I-  ®r- of  50,  referred  loair?  Ana.  2,234. 

19.    How  much  mcrtury  is  required  to  make  one  litre  of  .SO, '/ 

Ana.  S.9G  gramioea. 
to.   Leaving  out  of  view  the  value  of  tbe  mercury  used,  as  it  may 
ea*ily  recovered,  by  which  of  tbe  two  reactions  [265]  or  [2G6] 
Y  SO,  be  mwC  profitably  prepared  ? 
St.    How  much  .WhO,  would  be  required  to  yield  by  reaction  [267] 
~  ■   It  A'O,  to  neulraliao  1.29  graminea  of  sodic  carbonate? 

Ans.  1.059  grammeg. 
^  Pmnt  out  the  volumetric  relatjonj  in  reaction  [268]. 
SS.    Are  the  conditions  imder  which  the  reaction  [2G9]  ia  obtained 
■ay  way  jieculiiu-V 
U.    Com]»re  reactions  [271]  and  [272],  and  inquire  whether  a 

id  of  volumetric  analyaia  buncd  upon  them  might  not  be  devised. 
B5.   Kepreaent  by  graphic  aj-mbols  tbe  Bulpbitea  whose  symbols  are 

"n  (244). 

IC.  The  refuse  lime  of  the  gas  and  alkali  works  contains  calcic 
vlpbide,  CaSf  In  what  way  would  this  be  changed  by  exposure 
the  ftir  into  calcic  hypOHulpbite,  and  how  Irotn  this  product  couM 
le  bypoaulphice  be  preparml  ? 

IT.  Write  tbe  reaction  of  hydrochloric  acid  on  aodir  hyposulphite, 
iwtng  that  hypoaulphuroiia  acid,  when  Uberated,  breaks  up  into 
pburoni  anhydride  and  sulphur. 

18.  Tha  specific  gravity  of  the  vapor  of  sulphuric  anhydride  bu 

0  found  by  experimrnt  to  bo  39.0.  How  doee  this  agree  with  tbe 
gpMicat  value  ?  Compare  the  denxities  of  O'O,  SO,,  and  SO,  aa 
nd«  the  relative  degree  of  condi-nsalion  in  each. 

19.  What  are  the  rclationa  of  the  compounds  SO,CI,.  S0,CIS0, 
^  and  W,.V(},  to  each  olher? 

10.   Analyee  the  two  seta  of  reactions  [287  efif^.]  and  {iSO  el  nq.'], 

1  show  from  whence  the  oxygen  rciguired  to  ovidize  the  aulpbuP- 
ACitl  U  derived,  and  what  part  the  oxides  of  nitrogen  pUy  in  tha 
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41.  In  the  process  of  making  oxygen  gHS  from  tulphnric  will,  Ih  ^ 
irhence  b  tiiu  oxygen  in  tbe  first  loBtancc  derived '!  Mi^hl  fl 
the  snme  quantity  oC  acid  be  made   to  yield  a     '    "  "  ' 

42.  It  appeare  by  experiment  that  the  Sp.  Gr.  of  H^SO^  tip 
34.42-     llnw  ilous  ihia  agree  with  UiBory,  aud  bow  do  yoo  K 

the  distrepaiicy  'i 

4.1.  It  has  been  found  by  exact  experimentB  that  100  p 
yield  116.45  parts  of  plumbic  eulphale.  What  la  the 
Weight  of  au'pliuric  acid  1  What  assumption  does  your  cnkutoC 
involve  (68)  'I  ^Vhy  do  you  regard  this  result  as  mon;  tnatwe 
than  that  of  the  lust  problem?  Ans.  Sr 

44.  Ilovr  do  the  symboUof  the  hydrates  of  sulphuric  aeid  ci 
witli  tbosi:  of  the  cryslalLue  salts  of  this  seld  ? 

45.  Write  tiie  symbols  of  xulpburic  acid  and  its  two  hydrates,^ 
resenting  them  aa  compounds  of  SO,  with  hydroxyl.  Point  ontB 
distinction  between  the  ortho  and  meta  aeids,  and  abow  that  ftl^ 
lar  distinution  may  be  made  among  the  salts. 

46.  How  many  litres  of  sulphuric  acid,  Sp.  Gr.  =  I.B15,  ct 
made  from  1,000  kilos,  of  pyrites,  assuming  that  all  tbe  sulphur 
jninerol  is  burnt?  Ans.  1 

4T.    How  much  sulphuric  acid  by  weight,  Sp.  Gr,=  1.501, i 
required,  1st.  To  neutraliEe  53  grammes  of  sodlc  carbonate?  SiLl 
dissolve  33.6  grammes  of  zinc?  3d.  To  precipitate  completely  F 
grammes  of  biiric  chloride? 

Ans.  81.666  grammes,  ei.6ai>  grammes,  1.633  g 

48.  Represent  the  constitutioa  of  the  various  sulphates  by  gi 
symbols. 

4D.  In  vhat  does  tbe  symbol  of  dizlncic  sniphate  differ  frooi  a 
of  a  lulphitoi' 

50.  If  the  specific  gravity  and  molecular  weight  of  a  i 
stance  be  given,  how  can  you  find  the  molecular  volus 
substance  in  the  solid  condition  ? 

51.  How  doc 
of  selenium,  lal 

62.  WhRt  ii  true  of  the  molecular  volumes  of  all  substiince*  id  \ 
date  of  gas? 

CS.    Compare  tbe  molecular  volumes  of  tellurium  and  brm 
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4.  What  axe  llie  analogies,  and  what  are  the  chief  pointB  of  dif- 
nce  between  sulphur,  selenium,  and  tellurium  ? 

5.  Write  the  reaction  of  hydric  selenide  on  a  solution  of  plumbio 
:ate,  ako  of  potassic  selenate  on  a  solution  of  baric  chlcHride  ? 

6.  Write  the  reaction  when  Molybdenite  is  roasted  in  the  air. 

7.  Write  the  reaction  of  H^  on  a  solution  of  mdybdic  acid  in 
rochloric  acid. 

8.  What  is  the  relative  proportion  of  tungstic  anhydride  in  the 
varieties  of  Wolfram  ?  Ans.  76.47  to  76.88  % 

9.  Write  the  reaction  of  hjdrochbrio  acid  on  Scheelite. 

0.  In  what  respects  does  tungsten  resemble  molybdenum  ? 

1.  What  is  the  atomicity  of  tungsten  and  mdybdennm,  and  idiit 
le  prevailing  quantivalence  in  each  case  ? 
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254.   COPPER.   Cu  =  G3.5.  —  Dyad.     One  of  ihf  II 
abuiiilant  raelab,  and  known  from  great  Bntiquitf.     Of  Itt  of 
by  far  the  masl  imporlant  is  Copper  Pyrites,  /"u'i^'CSi,  w" 
is  ruuiiii  to  a  greater  or  less  extent  in  almost  nil  I 
'Phis  mineral  resembles  iron  pyntee,  but  is  disiiiiguiahed  ft 
it  by  greater  Golnesa  and  a  ruddier  tint.     The  emelting  of 
ore  is  a  complex  process,  and  coneiEls  in  an  alternating  « 
of  roaslings  and  meltings,  during  which  the  iron  po^aes  ii 
elag?,  while  the  copper  aocumiilatcB  in  tlio  r^uccesslve  "m 
as  tliey  are  called,  until  at  la^t  a  nearly  pure  sati-sulphidi 
obtiuned.    Thi^  is  now  heated  in  a  current  of  air  i 
ie  partially  oxidized,  and  then  the  mosS  ia  melted,  when  i 
following  reactiun  reaults: — 


2f«0+  CujS=iCtt-\-  SO^ 


[M 


The  crude  metal  thus  obtained  must,  however,  be  si 
refined.     To  this  end  it  ia  fir^t  kept  melted  in  the  air  f 
houTH)  until  all  the  impurities  ai^  oxidized;  and  then  the  0 
of  copper,  formed  at  the  some  time,  are  reduced  by  subi 
the  masa  to  the  action  of  carbonaceous  ga^es,  which  are  g 
ated  hy  thruisting  a  ttick  of  green  wood  under  the  molten  hi 
255.   MetalUe  Copper.    Cu.  —  Found  native  crysiaJliM 
forms  of  the  isometric  system.     Has  a  brilliant  lustre,  k 
familiar  reddish  color.     Has  great  hardness  and  I 
very  ductile  and  malleable,  and  one  of  the  bcft  n 
Ileal  and  electricity.     Sp.  Gr.  8.8.     Fuses  at  ahout  780". 
atilizes  only  at  &  very  high  temperature.     Ite  vupor  bums  d 
a  beautiful  green  flame,  which  ehowa  in  the  Bpei'troeoope  a 
ncCeristic  bands.     Under  ordinary  conditions  copper  n 
no  chan^  in  the  atmosphere,  but  if  heated  to  redness  ro  ll 
it  is  rapidly  oxidized.     In  presence  of  acids  or  snintions  » 
rides,  like  sea-water,  crippcr  ahiorbs  oxygen  from  the  atrad 
ordinary  temperature,  atiU  is  more  or  less  rapidly 
similar  effect  is  also  produeed  hy  aijua  ammonia  ami  b 
of  ammonia  t-a-lts.     Out  of  contact  with  the  air,  dihite  b 
cdiloric  or  sulphuric  acids  have  but  tittle  action 
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ipper.     If  Ixnleil  with  strong  liydrochlorio  acid,  it  very  slowly 
3  will)  the  evolution  of  hydrogen  gas.     Uniler  the  same 

mditions  sulphuric  ftcid,  if  not  too  dilute,  id  decomposed  by  it, 

Ipric  sulphate  is  formed,  eulphuraus  acid  ia  evolved,  and  ihe 
simiiar  W  [265].     Nliric  acid  is  ihc  best  solvent, 

HI,  singularly,  the  strongeai  acid  has  no  action  on  the  metah 

^en  diluted  with  vat«r,  however,  the  action  is  very  violent; 
ic  nitrate  is  formed,  and  a  gas  is  evolved  which  is  generally 

fOt  but  when  llie  acid  is  very  dilute  ihb  product  is  more  or 
B  mixed  with  N^O. 

258.  Cfi^eOxidfs.  [Ch,]0  and  G,iO.  — Both  of  which  act 
basic  anhydrides,  although  the  salts  of  the  second  are  by  far 
e  moat  stable  and  important  compounds.  [  C»]]  0  has  a  red 
lor,  aud  when  melted  into  glass  imparts  to  it  a  beuutiful  ruby 

r  purple  color.     It  is  the  Red  Oxide  of  Copper  of  mineralogy, 

nd  is  found  massive  and  beautifully  crj-^iallizcd  in  various 
1  of  the  isometric  system,  also  in  splendid  capillary  tufta 

Cholcotricbile).     CuO  ia  black,  but  imparts  to  gloss  a  green 
.  is  found  sparingly  in   nature,  rarely  crystullized 

Black  Oxide  of  Copper,  or  Slelaconiie).  May  be  prepared  b/ 
iKting  copper  or  igniting  the  nitrate.     Is  very  easily  reduced 

f  hydrogen  [07]  or  carbonaceous  malerialii,  and  is  much  used 
ao  oxidizing  agent  in  the  process  of  organic  analysts.  The 
lowtDg  reactions  illustrate  some  of  the  relations  of  these 
Ides  and  their  hydrates : — 

cold,  (Cu^O^'SO^-^-  2K-0-H-\-  Aq)  ~ 

CP'0,^H,+  (AV0,=50,+  J9).  [296] 

fboiUng.  {Ci>'0rH,-\-Ag)=CuO+iH,0+Aq).  [297] 
f  tMuling  with  grape  sugar, 

!0u'0,'50,+  iKO-H—  0-\-  Aq)  = 

[Cll,]0  +  (2K^'0iS0,  -\-  2H,0  +  Aq).  [208] 

B  omngc-yellow  hydrate,  4[O(,]0.  Ff^O,  is  precipitated  on 

H  warming  Ihe  liquid,  but  this  is  rendered  anhydrous  by 

iling. 

[M7.    OuprU  Suiplutie  (Saf  Vitriol),  Ou'0^'SO,.5ff,0.— 

be  most  importaut  soluble  salt  of  copper.   Although  when  pure 
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it  always  ciTStallizes  nitb  Gve  molecules  oT  water,  ts  ftbOT^ 
it  is  capable  of  Ibrming  isomorphous  mixtures  with  fenou 
phuie,  Fe-Oj'SO^,  7//,0.  When  in  ibis  uixlure  ibe  coppi 
ia  excess,  Uie  crj'sluU  take  bH^O  and  the  form  of  cuprie 
pliate  (Fig.  28).  If,  however,  the  iron  i^  iii  excess,  the;  t 
lllfi  and  the  form  of  ferrous  eutjjhate,  similar  lo  Fig.  3&  1 
anhydrous  salt  is  whiie,  but  becomes  blue  ou  uniiing  with  m 
for  which  it  bas  &  very  strong  atBiiily.  Of  the  five  moleci 
of  waicr  wiib  tvhieh  the  irr^'stallinu  salt  is  uuited,  one  is  1 
much  more  firmly  than  the  other  four,  and  may  be  re[dkaeil 
a  molecule  of  an  alkaline  sulphate.  This  gives  a  TCAUn 
writing  the  aynibol  of  the  sail  thus,  HopCaoiSO.AHfl. 
like  manner  the  symbols  of  several  so-calliKl  basic  salu  may 
wriltea  thus, 

/foj,{Cu0^n)^lS  (nro<'Uantile), 

IIo,(ai0^ff),lS.  2/1,0, 
in  which  ibo  group  CuO,H acti  as  a  monad  ndicaL    F 
solutions  of  cupric  sulphate  the  copiier  is  leadJly  predj^t 
by  Zn.  or  F«. . 
Zn  +  {CitSO,  +  Aq)  =  Ca  +  {ZnSO,  +  Aq).  ta 

238.  CarSonnte*.  —  Malachite,  (CuOifr)^^CO.     Sa.mB< 
pound  muy  be  obtained  by  mixing  hot  solutions  of  cupnia 
phate    and    sodic    carbonate.       Aziirite,     CuogJfOf^aC^ 
Ho,Cua-C-Ciui'C''CuoJ{o.     Mysorin,   GiOtiC.     The 
carbonate  Is  not  known. 

259.  N!traU».  —  Cuo-  (A^Oj)j  ■  6//,0  when  crystalliBei 
low  60°,  and  Cuo'{NO,),.SII,0  when  crystallized  above 
&  deliquescent  blue  salt.  A  green  basic  nitrate  has  the  syi 
^0^(01 0,tf)^Ow«uJV,0. 

2C0,  Capric  PAoiphafe.  Cuo^t(PO)f  is  obtained  on  aA 
a  solution  of  soilic  pliospbate  to  a  solution  of  eupric  sulphat 

2G1.    Cipric  Silicate.    DiopOse,  Ho,{auO,//)'Sia. 

262.    Sulphides.-— 

Copper  Glaneo  [O*,].^ 

Covelline  (Indigo  Capper)  VuS, 

Copper  Pyrites  Fe'StOu, 

Erubescite  /'i!=^=([C^,]-5-[;0^S 

Tetrahedrite  C^^Js^'S^i^S^ .  Zn  -^^™ 
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»cn  //^9  id  p&sseil  tlirough  tbe  solution  of  a  copper  salt,  a 
ck  prucipiiaie  iktis  Laving  die  composition  Cu^^o^  nhiub 

pldly  oxidixes  in  the  air. 

'^a-i.  Ftuohydratt  of  Copper.  {CuOff)-Fl. 
Chluriiiet.  —  Cuprous  Cliloride,[C^a]f'/y  White  compound, 
oluble  ill  water,  crjitailizes  in  tetrahedroui).  Cupriu  Chloride, 
\Cl% .  2ff,0,  crystallizes  in  green  needles,  very  soluble  in  both 
r  and  alcohol.  Cupric  Oiichloride,  {CutO,^--Cl^AH^O.  is 
ifb  used  as  a  paint  {Brunswick  green),  and  llie  miiiL-ral  Alac- 

lite  is  the  same  compound,  with  only  one,  or  ai  inusi  two,  uxoin- 
aof/Aa 

IG4.  Cuprie  Hyiride.  CuH^. — A  brown  powder,  which  gives, 
li  hydrocLloric  aciii,  the  following  reraurkable  reaction: — 

V»tITt-\-  (jtnct  +  Aq)  =  {CuPl,-\-  Aq)  +  2H-II    [300] 

.865.  Ammoniated  Compojmds.  —  When  a  solution  of  ammo- 
,  or  of  ammonia  carbonate  is  added  to  a  solution  of  a  salt  of 
Iper,  the  l^hl-green  precipitate  first  produced  readily  dis- 
vee  in  an  excess  of  the  reagent,  producing  a  deep-blue  roIu- 
Bj  and  this  striking  coloration  is  one  of  the  most  characteristic 
ll  of  the  prcrcncB  of  copper.  The  effects  are  caused  by  the 
mation  of  certiun  remarkable  compounds,  in  which  a  portion 
the  liydrogen  of  ihe  ammonia  appears  to  have  been  replaced 
Cf^per.     The  following  are  a  few  examples:  — 

S6.  Charaelerigtte  Seacfioni.  —  The  presence  of  copper  in 
lutlon  may  be  readily  delected,  not  only  by  ammonia  as  in- 
■Icd  abov(!,  but  also  by  the  action  of  polished  iron  (a  needle, 
'  example),  wliicb,  in  a  feebly  add  solution,  soon  becomes 
d  with  a  red  meinllic  coating.  Copper  ores,  when  mixed 
1  flaxen,  are  readily  reduced  on  charcoal  before  the  blow- 
t,  and  thia  u  one  of  the  best  means  of  recognizing  such 
ipound^. 

167.    Utei.  —  Desides  the  numerous  uses  of  tbe  metal  itself, 

mployed  in  tbe  arts  still  more  extensively  when 

ll  with  other  metals.     The  varieties  of  bra*s  and  yellow 

B  ftlloya  of  copper  and  anc  in  dtfiureni  proportioui, 
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IfUft'firaUSi  bell-metal,  gua-metal,  and  Bjieculum-metnl  an 
anentlallj  allocs  or  copper  and  un.  Severul  of  tbe  comftm 
of  copper  are  much  used  as  painls. 

268.  MERCURY.  //s  =  200.— D^ad.  Tlua  dMmail 
not  widely  disseminated,  but  ile  ores  are  abundant  in  m  few 
calities,  of  wliich  the  ino«t  noted  are  Idria  in  Aastria,  Aliu 
in  Spain,  New  Aimnjien  iu  California,  and  Huancat-elica  inPl 
The  orca  at  all  these  locnliiies  consist  cliiefly  of  Cinnahu,  H 
but  they  frequently  vonlain  a  small  quantity  of  the  metnl  in 
native  state.  They  are  easily  smelted,  tlie  fulphur  of  tlie 
serving  as  fuel.  The  afsorled  ore^  are  arranged  in  bfcn 
kilns  of  peculiar  consiruclion,  and  the  mass  kindled  wilh  ' 
wood.  Afl  the  sulphur  burns  awar,  the  mercury  " 
and  the  prodiii^td  thus  formed  are  passed  llirougb  earlhcn  p 
("aludeb")  or  bntk  chambers,  which  condense  the  men 
TQpor,  while  the  SO^  gas  esca[ies  into  the  atmosphere. 

IIgS-\-  0'-0  =  I!i,-\- SO^  [i 

In  the  Palatinate,  mercury  is  obtained  from  eitmabar  by  ml: 
the  ore  with  slaked  lime  and  distilling  in  iron  retorts. 

4ffgS-{-  4CaO  =  SCaS-\-  CaSOt  +  Jfg.      [i 

2G9.  Metallic  Mernury.  Hg.  —  Tlio  only  metal  liquid  at 
dinary  temperatures.  Freezes  at  — 40'.  Boils  at  SoO* 
evaporates,  but  only  with  excee<]iug  slowness  ut  ibe  ordii 
temperature.  ^.  Gr.  of  liquid,  13.596.  Sp.  Gr.  of  vapof 
experiment,  100.7.  Has  a  biilliant  metallic  lustre,  silver-w 
cotor.  In  solid  condition  is  malleable,  crystallites  in  octabedp 
1^.  Gr.  14.4.  In  contact  with  the  air  pure  mercury  undei) 
no  change  at  the  ordinary  temperature,  but  if  boiled  in  the 
mosphere,  it  is  slowly  converted  into  HgO.  Hydrochlorio  i 
ia  wiiliout  action  on  tlie  nietol,  and  tbe  same  is  true  of  di 
snlpliuric  ncid.  Strong  sulphuric  ucid,  however,  is  deeompi 
by  it  [265].  The  best  solvent  is  nitric  acid,  which  jrieMt 
ferent  proilucia  ncconling  to  the  proportions  of  metal,  adi^ 
water  used.  Clilorine,  Bromine,  Iodine,  and  Sulpbur  all  * 
intodireet  union  wilh  mercury.  By  simple  tritumlton  tbcil 
metal  admits  of  being  mechanically  mixed  in  a  siitti!  of  nil 
•ubdivbion  with  ctiullc  aud  wilb  saccliarine  or  oleaginoui  i 
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Kf*,  and  many  imporlnnt  [ihnrmnceiiticnl  prepnmlions  nre 
its  ill  ihis  way, — bluo-|iiUs,  nieruurial  ointmerttii,  etc- 
B70.  Oxi'det  of  Mercury.  —  Murcuroufl  Oxide,  [/^(]0. 
lek  powder,  very  unstnble.  De(!om|itM>-il  by  ex|iosure  lo  light 
to  a  wry  gentle  hwil.  [ %,]  0:=  HyO  -^  Hg.  Mt^txiiric 
ids,  Hy  O.  IttJ  cry»i«llinc  ecuies  or  yilUiw  ]H>wilrr,  uc^nrdiiig 
made  of  pruparation.  Stable  conipoiind,  but  di'conipu^  at 
"  heul  into  nn-rcury  and  ox/gen  [22H].  No  corrKSjKindiiig 
drmtes  nre  linown,  hut  both  oxides  Ibrtn  slable  sult^. 
271 .  Nilratfi.  —  Slercurous  nitrale  1*  obtained  by  dissolving 
t  mercury  in  an  exi'Ks»  of  uilric  acid  diluted  with  ttiur  or 
C  limta  its  built  tif  water.  Mercuric  nitrate  is  best  oblniiied 
diMoKing  mercuric  oxide  in  an  exceM  of  iiitri(!  acid.  Thi:a«, 
p  oiber  »alt«  of  mercury,  (end  to  form  ba^ic  compounds. 

wrous  Nilmte  [^,]'0,-iV',0,.  2//,0. 

iMcurous  Nitrate         ([//i^O  0-[/i^,])'0,=jV,0„ 
nercumiM  Dinitrato 

mric  Nitnuu  Ug-OiN^O^ .  IH^O, 

wreuric  Nitrate  {Hg-0-H'j)-Oi^NtO,.  111,0, 

imorciiric  Nitrate  (ffff  O-Hg-O  IfyyO^^HtOf  fftO. 

A  n>luiion  of  tnercuroua  iiiira(«  with  caustic  soda  givea  a 
prticipitate  of  mercurous  oxide. 

5^-0,'iV,0,  +  2Na-0'/f+  Aq)  = 

[//jrJO  +  {iNa-O-NO,  +  H^O  +  Aq).  [303] 

K  Miluiion  of  mercuric  nitrat«  iritb  caustic  soda  gives  a  ycl- 
prccipitnte  of  morcurio  oxide. 

jf'tV^.O,  +  2^0-0-^+  Aq)  = 

HgO-\-{;2Xa-0-N0,-\-IIiO-\-Aq).  [304] 

IfcreuroDs  nitrate,  if  beal«d,  is  converted  into  the  red  crya- 
!ne  variety  of  mercuric  oxide. 

[//i?J=0,  jV.O,  =  2HgO  -f-  2A'0r  [305] 

I7S.   SulphaJnt. — When  mercury  is  gently  henlcd  with  nii  r-x- 
I  of  Rtrangeulphuric  aoid,  Mercurous  Sulpliate,  [/J^,]^  OfSO^ 
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ia  formed;  but  if  llie  hent  be  increased,  and  the  evspc 
cBiried  to  dryneas,  ihe  first  product  is  clmnged  loto  MercaifS-''' 
Sulplmle,  II<i=O^SOt,  which  is  a  wliiie  crystalline  powdn-, 
readily  dissolving  in  a  eolulion  of  common  salt,  but  decompowd 
by  pm-e  water  into  a  noluble  acid  and  an  insoluble  basic  mIi. 
The  last  is  known  as  turpe lb-mineral.  It  has  a  yoUow  cobr, 
and  its  composition  is  expressed  by  the  symbol, 

{Hg-O-Hg-OHgyOfSOt. 

Mercurous  sulphate  is  also  prepared  for  the  mantifnctJire  of 
calomel  by  triturating  tugctber  mercuric  sulphate  with  a  qaaor 
lity  of  mercury  equal  to  that  which  it  already  contains. 

273.  5'u/pAirfM.  —  Mercurous  Sulphide,  [/A?,]^,  obtained 
as  n  black  precipitate  on  passing  H,S  gas  thmugli  die  9C)lHtioa 
of  a  mercurous  salt.  Very  unstable,  like  the  correapnnding  ox- 
ide. Mercuric  Sulphide  (Vermilion,  Cinnabar),  IlgS^  is  pre- 
cipitated by  the  some  reagent  from  llie  solution  of  a  mercuric 
salU  This  precipitate  is  also  black,  but  when  sublimed  the  sab- 
stance  acquires  llio  pecuUar  vermilion  tint  Vermilion  is  usually 
prepared  by  rubbing  together  mercury  and  sulphur,  and  sol^ 
liming  tlie  black  product.  Crystals  are  frequently  thus  obiaioed  | 
identical  in  form  with  those  of  natural  cinnabar  (76). 

274.  Chlorides.  —  Mercunraa  Chloride,  [flS^JC/^  may  be 
obtained  either  aa  a  while  powder  or  in  crystals  (7S),  —  IsL 
By  subliming  a  mixture  of  mercuric  chloride  and  m<.>rcury, 


HgCk^H3  = 


2d.  By  sablimiug  a  mixture  of 
mon  salt, 


[/Tjja  [SOS] 

jlphate  and  com- 


[ffjjso. +  2».«=A'i,m, +  [/?,,]  cv  [so;] 

3d.  By  prccipitAtioD  from  a  solution  of  meniurous  niln 

Calomel  is  insoluble  in  water,  alcohol,  and  ether. 
Gr.  of  its  vapor  is  only  one  half  of  that  which  the  theory  n 
require,  —  an  anomaly  which  is  explained  as  on  effect  ofd 
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sociation.  SuUiraea  below  a  red  heat  without  melting.  When 
LrituruUid  wilh  a  suluiiun  of  soda  or  jKtbieh,  it  is  turned  black, 
jwing  to  the  Ibrmaiion  of  (Hg^  0,  and  wlien  heated  wilh  nlka- 
iine  clilorides  it  is  converted  into  ITyCl^  In  the  presence  of  or- 
lic  [Datlcr,  acids,  and  air,  this  last  change  may  uke  place,  to 
tome  extent  at  least,  at  a  temperature  of  38°  or  40°.  Calomel 
e  an  invaluable  medicine.  It  was  Bi^t  prepared  b;^  ruhhing 
{n^lher  in  a  mortar  Hg  -j-  HgCI^  but  this  product,  although 
liaving  all  the  medicinal  properties  of  the  white  suhlimate,  had 
k  brilliant  black  color,  whence  the  name,  from  mXi;  ittXat. 

275.  Mrrciirie  Chhride  {Corroiivt  Sublimate).  fft/Clf  — 
fCryslalline  (77)  while  solid,  melting  at  265',  boiling  at  203', 
and  yielding  a  vapor  whose  Sp.  Gr.  (141,5)  cotiforma  very 
ttMrly  to  the  theory.  Soluble  in  water,  alcohol,  and  ether. 
Forms  salts  wilh  the  alkaline  chlorides  as  2Na  CI .  Hg  Cl^  May 
be  prepared  by  subliming  a  mixture  of  mercuric  sulphate  and 
conunon  ealt,  but  adding  a  small  amount  of  Mn  0,  to  the  mix- 
lore  lo  prevent  the  formation  of  calomel.  Also  found  when 
mercury  is  burnt  in  chlorine  gas.  Coagulates  albumen,  and 
fanM  with  it,  as  well  «9  wilh  other  albuminoid  substances,  sia.- 
bte  compounds  insoluble  in  water.  Acts  as  a  violent  poison. 
IJwd  for  preserving  from  decay  wood,  dried  plants,  and  other 
objects  of  natural  history,  and  this  effect  appears  to  be  due  in 
part  to  its  peculiar  action  on  albuminoid  compounds.  Il  is  also 
aluftble  reagent,  and  is  used  to  prepare  other  anhydrous 
dlloride^. 

Mereury  forms,  like  copper,  a  large  ourober  of  oicichlorides. 
It  also  combines  wilh  the  other  members  of  the  chlorine  group 
r  clemenU.  Among  these  compounds  the  most  interesting  is 
le  iodide,  ITgti'  which  affects  two  different  crystalline  forms  dis- 
ngn»hed  also  by  striking  differences  of  color.  As  obtained 
f  precipitation 

{HgCIt  +  2AY+  A-])  =  Hgh  +  (2  A^CT  +  Ai),     [309] 

appears  as  a  crystalline  red  powder  (7.5).  Thii«  when 
nied  chanscs  its  crystalline  condition  (77)  and  becoiiifs  yellow. 
It  the  yellow  varieiy  is  changed  back  to  the  i-cd  by  mere 

276.    Ammoniatetl  Compounds.  —  The  compounds  of  mcr- 
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cury,  when  acled  on  by  ammonia  or  its  sails,  yield  S  lai^  num> 
ber  of  com|ikx  product?.  Among  these  tlie  most  romarkabhi 
is  a  powerful  base  called  Mercuromine,  which  is  farim^O  bj  ilaj 
action  of  aqua  ammonia  upon  yellow  predpitateii  oxide  of  mer- 
cury. There  ia  a  diflerenee  of  opinion  in  regard  to  the  iirraiigo-  ' 
ment  of  tiie  atom:)  in  this  comjwund,  but  the  most  probable 
symbol  is  {IIg,(BgOH),mN)  0 H.  ffjO.  Tlie  by draie  ab- 
sorbs COi  from  the  air,  and  ibmis  definite  ^alts  wilh  all  the 
common  acids.  This  compound  is  nnslable,  but  when  heated, 
Iwo  molecules  of  the  hydrate  give  up  three  molecales  of  wstef, 
and  there  is  lell  a  dark  brown  product  permanent  In  the  air, 
whose  symbol  may  be  represented  after  the  ij-pe  [/'iA'Jjft 
The  following  are  the  symbols  of  a  few  only  of  the  many  mei- 
curial  compounds  of  this  chiss; — 

/^/j^=J\^,'[i^a],  formed  by  the  action  of  ammonia  gas  on  pr»- 

ci  pita  led  calomel. 
ff,.[^/{ff,']^Nf[^ffg,'],  black  compound,  formed  from  calomel  by 

action  of  aqua  ammonia.  | 

{fffffjMgi^i'IfffyClt.  "White  Precipitate,"  formed  by  adJing 
to  aqua  ammonia  a  solutjou  of  i/gCl, 
{Hj,H^H^.yHg)--Cl^  "Soluble  Wliile  Precipitate." 

277.  Charatltrltiie  Reactions  and  Utes.  —  The  salts  of  me^ 
cury,  whether  soluble  or  insoluble,  are  all  reduced  to  the  meitl- 
lie  stale  by  a  soluiion  of  stannous  chloride.  Any  of  the  salli 
heated  in  a  closed  tube  with  sodic  carbonate  give  a  snblimole  of 
minute  globules  of  mercury.  From  solutions  of  it.^  i^lis  mer- 
cury is  deposited  as  a  gray  film  on  meiallic  copper,  and  if  ^hort 
lengths  of  copper  wire  thus  coaled  and  carefully  dried  be  heated 
in  a  closed  lube,  the  sublimate  is  obtained  as  before. 

The  chief  consumption  of  meinllic  mercury  is  in  the  trett- 
ment  of  gold  ores.  It  ia  also  used  for  silvering  mirrors,  for 
mailing  various  philosophical  insiruments,  and  for  other  pll^ 
poses  in  the  aris.  Large  quantities  are  conaumed  in  prep«f. 
ing  its  various  compounds,  and  thei^e  are  aiuong  ihe  moat ' 
portant  articles  of  the  materia  metUca. 
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QUESTIONS  AND   mOBLEMS. 


n  copper. 


Quationt  and  ProUemt. 
1,   'WriM  the  renclion  of  boiling  sulphuric  acid 
J,   Write  the  reaetion  of  nitric  acid  on  copper,— 
Mt  NO  a  the  aerilorm  product ;  2d,  that  it  in  Nfi. 
9.   Write  the  reaL'tioo  which  tokca  place  when  cupric  nitrate  ii 
womposed  by  heat 

4.  Why  Aoet  not  concentrated  nitric  aciii  act  on  copper? 
fi.  Represent  the  conetitatioD  of  the  hydrate  4[CuJ0.  ff,Ointhe 
pical  fortn.     How  may  it  bu  regardiii]  as  relnted  to  the  normal 
"   ite[CuJ'tfo,'i'  Ana.  It  eiimils  4[C«J=//o,  —  3//,a 

How  may  anhydrou*  cupric  tulphate  be  used  to  detect  Uie 


«of 


7.   In  Tfhat  other  way  may  the  BymboU  of  the  different  basic  «nl- 

iMee  be  written  'I 

Am.  The  «j-mboI  of  Brochantite  may  be  written  (Cu-O-Cu-0- 

Cu-0-Cu)=0,=SO,.  3//,0,  and  the  others  in  a  rimilar  way. 
8>  How  may  the  gyiobola  of  the  basic  Kulphales  be  derived  from  the 
rdntes? 

Abb.  Disregarding  the  wateroferyslalliz.ilion,  we  may  regard  Bro- 
chantite as  formed  from  the  condensed  hydrate  iCu-0,-I!^ 
by  firat  eliminating  377,0  and  then  replacing  the  remaining 
B,  by  SO,. 

9.  If  the  pymbol  of  Brochantite  is  written  as  in  the  text,  to  what 
■ter  oTeulplintes  does  it  belong?  Ana.  Onho<iLilphiileB. 

10.  Show  by  graphic  symbols  that  the  radical  CuOJl  must  be  a 

1  of  Malachite 

12.   Both  Malachite  and  Arurito  rany  be  regarded  as  formed  by 

e  mohtcular  union  of  cupric  hydrate  and  capric  carbunaie.    Write 
In  tfmbob  on  this  theory. 

14.   Malachite  i«  how  related  to  cupric  hydrate  ? 

AlU>  I'  m«y  be  regarded  aa  the  hydrate  doubly  condensed  with  two 
of  the  hydrogen  atoms  replaced  by  CO  thus.  Cu^O^COJI^ 
or  Cu-6,'C0.  Ca-O^-H,.  Bvmbol  of  Aiurile  in  the  Muns 
way  become*  OiJOj(rO)„ff,or  aCu-O.'CO.  C«.0,=i/, 

li.   To  what  onler  of  carbonutcii  cloes  My«orin  bdong? 
13  V 
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.   Ill  trbat  other  ways  maj  the  ejihiIm)!  of  the  cupiio  nitnb 
en? 

or  C..=0,<.VOJ^. 

IC.   Write  the  sj'mbol  of  dioptose  in  the  uune  typicd  ronn. 
Abs.   H^CuiOf 

17.  To  what  order  ofsilioatea  may  dioptase  be  referred? 

Aos.  Ortbonlieat 

18.  Write  the  reaction  of  solution  of  eodic  phosphate  on  aoli 
of  eupric  sulphate. 

19.  Represent  the  constitution  of  the  various  Eulphidea  of  1:0 
by  paphic  symbols. 

SO.  In  whut  relation  does  the  fluohydrato  of  copper  sUtod  U 
hydrate  and  fluoride  of  the  same  metal? 

Ans.   It  holda  an  interineiliutc  position,  as  shown  hj  the 

Cu=//o„  Cu'Ho,FI,  CuF\. 
!I.  Regarding  the  molecule  of  water  in  the  common  n 
Alaeamite  as  wati^r  of  constitution,  how  may  the  rormnU  a 
mineral  be  Biinplified  ? 

Ana.  It  may  be  halved  and  written  (Cu-0-Cu)'Hs,t 

22.  Ildw  u  Atacamite  related  to  cupric  hydrate  ? 

Ans.  2Cu--Ilo,  =  (Cu-0-CfiyHo,  +  Ufi,   then   replMiDg 
atom  of //o  in  basic  hydrate  by  Ci. 

23.  Wbnt  do  you  End  tbat  is  remarlcahlc  in  the  reaction  of  n 
hydride  on  hydrochloric  ai-id  ?  Compare  it  with  reaction  [239], 
consider  wbellicr  it  indieatea  a  diflbrencu  of  condition  in  hydr 
similar  to  that  in  oxygen. 


25,  What  evidence  can  yon  find  that  a  portion  of  the  nil 
atoms  in  two  of  the  componndB  stand  in  a  different  relation 
molecule  from  the  others? 

Ans.  If  the  nitrogen  atoms  were  all  typical,  we  should  expMl 
basic  radicals  to  fix  more  than  the  e<iuivaleQt  of  two  1 
lent  acid  radicals. 

26.  Write  the  symbols  of  the  hydrates  which  correspond  I 
different  basic  nitrates  of  mercury,  and  show  how  such  basJ 
drates  may  be  derived  from  the  assumud  normal  hydral««. 


QCESTIONS  AXD  PBOELEMS. 

5*.  Show  how  tarpeth-Qunercil  may  be  derived  from  an  asaumod 
luwmid  bydraie. 

S9.  How  would  you  seek  to  delermiDo  whether  the  bhick  product 
obUiined  by  grinding  toother  Hg  -|-  .S  is  a  mixture  or  a  compound  ? 

30,  By  experiment  it  appi^an  tbat  Iba  spcc-ifie  gravity  of  i-alorael 
vapor  is  118.5.  What  ahould  it  !«  tbeoretically  ?  Into  wUst  ii  it 
probably  decomposed  when  heated  ?        Ana.  S35.3 ;  //^,  and  Cl^. 

21.  In  administering  eolomel  as  medicine,  what  asaociationa  with 
DtlWF  drugs  should  be  avoided  ? 

85.  How  in:iy  calomel  be  distinguished  from  corroaiTe  sublimate? 
S3.   What  is  the  theoretical  Sp,  Gr.  of  //■/(.%.  and  why  should  yon 

UtEcipaCe  so  great  a  diderenue  between  it  and  the  experimental  re- 
It? 
AlU>  135,1),     In  such  a  dense  vapor  the  deviation  from  MarioCte'a 

law  would  probably  be  large. 
34.    Write  the  reaction  which  lakes  place  wben  a  mi.\ture  of  raer- 
mric  sulphate  and  common  salt  are  sublimed. 

3d.  In  cues  of  poisoning  by  corrosive  sublimate,  why  should  milk 
'this  white  of  eggs  be  useful  as  temporary  antidotes  until  the  stomach 
in  be  emptied  by  an  emetic  or  otherwise  ? 

86.  Writ«  the  symbols  of  the  chloride,  nitrate,  sulphate,  and  car- 
nwte  of  mert.-uramiue. 

t7.  Write  the  symbol  of  the  oxide  of  mcrcurtunine  described 
Above. 

98.  Bepresent  the  different  ammoniated  compounds  of  mercoi/ 
bf  rertical  symbols,  and  point  out  the  type  of  each. 
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278.  CALCIUM.  Oi  =  40.  —  Dyad.  One  of  the  maa 
abundant  anil  important  [Constituents  of  the  crust  of  the  ^lotx. 
The  I'lementary  substance  u  a.  boA,  m»lleable  metal,  with  ■ 
reddish  tinge  of  color.  Readily  tamishea  in  the  air.  and  bunii 
when  heated,  forming  lime.  Decomposes  water  at  ali  IeDlj>e^ 
atures,  forming  calcic  hydrate. 

2Ca  +  ®=©  =  2CaO. 
Clj-|-2i/,0=2Ca=//o, +  31111.  ^      ' 

The  tnetal  is  obtained  with  diffiiculiy  either  by  the  elwtiiil^- 
eis  of  tlie  melted  chloride  or  by  decomposing  ifae  iodide  villi 

279.  Caleie  CarhonaU.  Co -0,^00  or  Cbo- CO.  — The  cWef 
lime  mineral.  Remarkable  for  the  great  variety  of  its  crystal- 
line forms.  Dimorphous  (Hexagonal  and  Orthorliombic).  Tbe 
bexagonu)  forma  (Figs.  14,  16,  17,  40,  41,  and  42)  belonz  to 
the  mineral  species  Calcite.  The  orthorhombic  forms  (74)  to 
the  species  Aragonite.  Sp.  Gr.  of  Calcite  2.72,  of  Aragonile 
2.94.  The  last  u  al.'o  distinguished  from  the  first  by  xuperior 
hardness,  and  falling  to  powder  when  heated.  The  crystnlliirt 
vai'ielies  of  calcite  are  readily  ret^nized  by  a  very  striking 
rhombohedrol  cleavage.  Limestones,  Oolite,  Chalk,  MorbK 
Travertine,  Tufa,  Calcareous  Marl,  are  names  of  varieties  <i 
rocks,  which  consist  chiefly  or  wholly  of  one  or  the  other  of 
these  two  minerals,  generally  of  calcile.  Many  of  thei^e  ro^ 
make  excellent  building  stones.  All  the  varielii?-'  "'"  ■■■ii^'i'- 
carbonate  dissolve  with  effervescence  in  dilute  nitric  :i 

acids,  and  may  thus  he  distinguished  from  tbe  silice''  i 
als  which  ihevf^ometimi's  outwardly  resemble.  Cali'iiM  .' 
although  nearly  insoluble  in  pure  water,  is  readily  •]]-  -• 
water  chiirged  with  COj.  Thus  it  is  held  in  sokiion  U  : 
of  lime  districts,  and  to  a  greater  or  leBS  extoni  liy  uv.-i  -yi.^: 
water.  Such  water,  when  strongly  charged,  depoailBO 
bonate  on  exposure  lo  the  air.  and  thus  are  formttjl 
lufa,  and  travertine.  It  also  forms  deposits  in  boila 
composes  the  soap  used  in  washing.  (Hard  < 
carbonate  may  be  readily  formed  artificially  by  the  r 
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Co  CI,  4-  (A7/,),^  COj  +  Aq)  = 

C'aOO,-i-(2(m/^Cl-\-Aq).  [311] 

lingularl}',  however,  if  the  jiroilucts  of  the  rcaclion  are  boiJed 
[etlier,  (he  reverse  cliiinge   inkes  place ;  i^alcic  chloride  is 
ed,  nbiuh  dissolves,  while  atamoQic  carlioDate  U  carried 
nj  with  the  steam. 
280.    Calcic  Ojndt  {Qukk4im<i).  CaO.  — Obtained  by  bum- 

ig  limestone  in  kilns. 

CaCO,  =  CaO  +  ®%  [312] 

rphous  while  solid.  Very  infusible,  and  emitting  an  intense 
bite  light  when  ignited  (Drummond  Light).  Has  ulrong  af- 
■tt7  for  water,  and  the  ehemiail  union  is  ntlcDde'd  with  the 
relation  of  much  heat  (^tlaking).  Exposed  to  the  air,  it  grad- 
(Uy  absorbs  both  water  and  carbonic  anhydride  (air  slaking). 

S81.  Cakie  IlydraU.  Ca-Hor  A  light  dry  powder.  Sol- 
hil«  in  nbout  425  parts  of  cold  water  (lime-wnter).  Wiih  a 
Bnller  quantity  of  water  it  forms  a  sort  of  emiibion  called 
"Ik  of  lime,  and  with  still  less  water  it  gives  a  somewhat 

Mic  paste,  which,  mixed  with  sand,  u  ordinary  mortar. 
ranlic  cements,  which  harden  under  water,  are  made  from 
»  containing  from  fifteen  to  thirty-five  per  cent  of 
lel/  divided  s^ilica  or  clay;  also  by  intimately  mixing  with 
talk  a  due  proportion  of  day  under  regulated  conditions,  ami 
kbiieqiiently  burning.  Calcin  hydrate  acts  on  the  skin  tike  a 
ostic  nlkali,  and  is  used  by  the  tanners  for  removing  huir 
IXD  hides.  It  hna  a  stront;  alfinity  for  CO^  and  hence  is  used 
r  rendering  soda  and  potash  caustic  [97].  It  ia  also  era- 
oyed  for  purifying  coal-gas,  and  in  many  other  proces-^a  of 
e  BrtB,  It  is  largely  used  as  a  manure.  Whitewash  is  milk 
'lime  mixed  with  a  little  glue. 

~"     Chloride  of  Lime  or  Btarhing   Powdrr,   CaOClj.   is 

med  by  passing  chlorine  gas  into  leaden  chambers  containing 
d  lime,  which  absorbs  the  gas  very  rapidly, 

CaO-\-  a-€l={Ca-OyCl^  [313] 

wf  much  used  in  the  arU  for  bleaching  cotton  goo'ls.  Tha 
itb  having  been  well  trashed  and  digested  in  a  weak  soluttoii  \ 


of  cliloride  of  lime,  is  passed  into  very  dilute  snlphnrio 
which  liberates  ihe  chlorine  ia  the  fibre  of  tlic  cloUt.     Mmj  d 
be  used  in  Ihe  laboraloiy  as  a  source  of  chlurine  gas. 

(CaOat-\-  IfiSO, -\-Aij)  = 

( CaSO,  +  ff,0  -r  A^)  ■+■  Sl-iSL  m 

283.  Calcic  Peroxide.     {Ca-OyO. — Formed  hj  i 
^0,  to  lime-wuter,  but  is  a  very  unsoible  compound. 

284.  Cuh-ic  Sulphate.   Ca^O.^^O, —  Second  ii    " 
of  the  lime  minerals.     It  occur:j  in  nature  both  in  an  anl 
and  hydrous  form.     The  anhydrous  mineral  ia  called  Anhy^ 
the  hydrous  mioerul  is  Oypsum.     Anhydrite  cryatallix 
onhorhombtu  system  (77),  and  h:is  Sp.  Gr.  ^  2,9.     Gyi 
{OjSOt.  iff^O)  cryclalltses  in  Ihe  monnclinic  Hyr'tem  ( 
Las  Sp.  Gr.  ^  2.3,  and  is  softer  thiiD  iho  first,     Citldc  sulpl 
is  soluble  in  about  400  parts  of  water,  and,  like  sevend  a 
lime  salts,  is  much  less  soluble  in  hot  water  than  ia  ooU; 
when  water  holding  gypsum  in  solution  is  heated  li 
peralure  in  steam-boilers,  the  whole  is  depo^iii-'d  in  an  ii 
condilion    (CaSOt.m^O).     ll  is  a  verj 
of  spring  wiitcr.s  and  is  another  cause  of  their  hardness<  a 
the  cru.-ts  which  they  sometimes  form  on  the  inner  ■ 
of  boUers.    It  is  found  in  considerable  qimntiiy  ii 
Ball  springji,  anil  of  the  oeeun.     When  these  waters  are 
orait^J  it  is  depo.-iited  before  the  common  still,     Hence  in 
wc  iiiid  that  bedi  uf  rock-salt  are  usually  associated  with  a 
driie  and  gypsum.     The  last  is  by  far  Uie  most  abnndant  a 
crnl,  forming  in  some  places  extensive  rock  deposits  ol 
thickness.      It  is,  moreover,  found  in  beautifully  train 
crystals  (Selenite),  which  can  be  easily  split  Into  ve^ 
plates,  and  it  aho  forms  the  ornamental  stone  called  alal 
When  heated,  gypsum  readily  gives  up  its  water  of  crystal 
tion,  and  when  not  overhumt  the  dry  product,  if  reilut* 
powder  and  made  into  a  paste,  n^in  unites  with  waletM 
into  a  hard  mass.     This  reunion,  however,  will  r 
if.the  gypsum  has  been  heated  above  SOO' 
then  formed.     The  calcined  gypsum,  called  Plas 
ilbed  in  immense  quantities  for  making  casta,  i 
forms  of  stucco-work.     Ground  gyp^^um  is  also  »  vai 
Dure,  and  finds  ol\ier  avv^\c«.TOftsTO\\it,Mta. 
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285.  Cdeie  Phosphate.  C<io//'0)y—T!ie  chief  eiirth7coii- 
t  of  ttie  iKiDes  of  animals.  The  uniniul  obtajn^  iL  froca 
e  plants,  and  the  ])laDl  draws  its  supply  from  the  soil.  The 
$  of  [he  cereals  are  especially  rich  in  thu  bone-making 
alerial,  and  as  the  supply  in  the  soil  is  usually  limited,  these 
«nt9,  when  cultivated  year  after  year,  soon  exhaust  it.  Hence 
is  all  important  for  the  ogrii^nlturist  to  restore  to  his  laud  the 
bosphatcs  as  fast  as  they  are  removed  by  the  crops,  and  ground 
WK»,  guano,  phosphorite,  and  other  forms  of  calcic  phosphate, 
i  used  for  this  purpose.  The  mineral  Apatite  is  a  crystal- 
e  variety  (Fig.  H)  of  this  same  material,  but  contains  also 
out  eight  per  ceut  of  i^alcic  fluoride  miuid  with  more  or  less 
k«  chloride.  Its  symbol  rany  be  written  (Cti.f  )uO;,tx(PO)g. 
^886.  (hkie  SilicUe  {Tahuiir  Sp.ir).  Cao^S.O,  a  a  not  un- 
mmon  mineral.  Formed  on  the  surtace  of  tbegruiaa  of  sand 
btta  mortar  harilens;  and  the  valuable  qualities  of  hydraulic 
mnnts  are  prolmhly  due  to  a  still  more  coiuplete  union  of  the 
ne  kind.  An  nrtiHcial  stone  of  great  strength  may  be  made 
f  flrel  mixing  logetlier  sobition'4  of  calnc  chloriile  and  sodio 

ate,  and  then  incorporating  with  the  tmlf-fluid  mass  a  large 

[»rtion  (if  satid. 
W7.  Odcic  Fluoride  (Fluor-Spar).  Ca^^  _  An  abundant 
1  and  the  most  important  compound  of  duorine.  It  is 
Mind  both  massive  and  cryslollixed  in  the  forms  of  the  isomet- 
e  syBiem,  generally  in  cube^.  Ha'  oclohedral  cleavage.  The 
■re  material  is  colorless,  but  the  native  crystals  are  frequently 
wvtjfully  colored,  aud  arc  amoan;  tlio  most  splendid  specimens 
Tour  iniiteral  cabinets.  Exposed  to  the  light,  they  frequently 
ibibil  B  remtrknble  fluorescence,  and  many  varietie-i  of  the 
linentl  phosphoresce  when  heated.  Although  not  very  fusible 
f  itMit  fluor-spar  forms  a  very  fusible  slag  with  gypsum  and 
lier  earthy  minerals  frequently  associated  with  leiLd  ores. 
Ids  properly  renders  it  a  valuable  _/!uj;  in  the  process  of  amelt- 
g  sncfa  ores  and  hence  the  name  flunr.  In  small  t|uanlities  it 
■tmoBl  invariably  assoi^inled  with  calcic  phosphate,  not  only 
1  Ihe  mineral  kingdom,  but  a1$o  in  the  bones  and  teeth  of 
dmnK 

288.  (Meic  ChUiride.  CaClj,  —  A  deliquescent  salt,  readily 
l^cd  by  dissolving  calcic  carbonate  in  hydrochloric  add. 
bo  a  •ccondury  product  in  the  preparation  of  ammonia  ^l&i\. 


OOr  [315] 


A  useful  rpagent,  and  also  ein|iIoyed,  on  account  of  its  hjg«h 
ecopic  quiiliiies  ^ot  drying  ga-stte. 

289.  Caleic  Nitrate.  Cao^{NO,)j.  —  Also  a  very  soluUe 
deliquescent  salt,  which  is  formed  in  ihe  soil,  in  cellani,  iu  line 
caverns  >i')d  wherevor  or^auic  matti'r  Ant^yi  in  conviicl  with 
calcaruoii?  matimal^.    Cliiefly  iiiiport:inI  as  a  source  of  aalcp«ti«. 

21)0.  SriiON'TIU.M,  A>=87.6,  and  BARIUM,  Ai=l37. 
—  Dyiida.  The  compounds  of  these  ekmi;nus  are  (.'luselj  allird 
to  the  eurrespondiug  compounds  of  csleium,  and  the  difTerencn 
arc  only  Iho^«e  which  we  should  expect  beLween  iDembersoflhe 
same  ehumical  series.  Tlitiy  are,  however,  fur  le«a  nlitinilanOj 
distributed  in  nature.  The  muat  important  nalire  compoua^ 
are 

Strontic  Carbonate,  Slrondnnite,  SrCO^  Sp.  Gr.  3.70. 
Baric  Corbouate,  Wilherite,  BaCO^^      Sp.  Gr.  Lit 

These  are  iaomorplious  with  Ara^nite.  No  hesagonal  foroB 
corresponding  to  calciie  are  known.     In  like  manner  we  have 


Stroniic  Sulphate 
Baric  Sulpbale, 


CeJesunP,  SrSO,. 

Heavy  Spar,      JlaS'\. 


Sp.  Gt.  3.95. 
Sp.  Gr.  4.48. 


These  are  i^omorphnus  wiih  aniiydriie.  No  hydrous  mintasb 
corresponding  lo  gypsum  nre  known.  Strojitic  sulpliule  is  much 
lejw  soluble  in  water  than  cak-ic  sulphate,  and  luirie  sulphate  ii 
praclicjilly  insoluble.  Mnreover,  the  solubility  of  the>-u  Mite  b 
not  increased  by  the  pre.-<ence  of  weak  acid^  Ucnce  a  soluiia) 
of  calcic  sulphate  will  give  a  precipitate  in  solutions  containing 
either  strontium  or  barium,  and  a  solution  of  strontic  sulplnlt 
only  in  the  lant.  The  sulphates  are  both  easily  prepareil  srlill- 
cially  from  solution)  of  corresponding  chlorides  by  preeipiialiao 
with  sulphuric  .icid. 

291.   The  Slrouric  nnd  Baric  NitraUi  and  Ihe  .S-.-kti^V  ^ 
Baric  Chloridfi  are  all  soluble  salts,  but  lcs«  soluM''  :':.< 
corresponding  salts  of  calcium,  the  barium  eonipuuuil-  ':■' 
each  case  the  le^  soluble  of  the  two.     They  are  ea^ih 
by  dirsidving  tlii^  niiiivc  carbontites  in  dill 


890.]  STBON  riusf.  —  baeiusi.  845 

pric  acids.  Baric  niiraie  is  precipilated  from  its  aqueoua 
ilulion  by  strong  nitric  or  byilruchluric  acid  in  consequence  of 
I  spuring  solubility  in  these  reagents.  They  may  also  be  pre- 
tred  frum  the  native  stilphates,  bs  is  illustrated  by  the  follow* 


[316] 
(&S+  IHCl  4-  A<i)  =  {SrCr^  +  Ag)  -\-  S^- 

An  intimate  mixture  of  the  powdered  sulphate  with  some  ear- 
ttonaceous  material  is  first  intensely  heated  in  a  crucible.     The 
■^TOsnliing  product  iii  then  exhausted  with  waiter,  and  the  solution 
lied  with  hydrochloric  or  nitric  acid  as  required. 

292.  Sirontie  and  Baric  HydraUi  may  nlso  he  prepared 
worn  the  Bolutiou  of  the  sulphides,  obtained  as  above,  by  the 
TCBClJon 

/ChiO  +  (&S+  11,0  +  Aq)  = 

CuS-{-{Ba-Hoi-\-  Aq).  [317] 

wlalive  solubility  of  the  hydmlei  follows  the  inverse  order 
that  of  the  other  salts,  baric  hydrate  bdog  mucli  the  most  sol- 
and  dissolving  in  twenty  parts  of  water. 

293.  Strrmlir  and  Baric  Oxides  may  be  readily  obtained  by 
'ijtig  the  nitrates.     Tbey  slake  when  mixed  with  water,  like 

-lime. 

294.  Slronlic  aiid  Baric  Pervxidet  are  prepared  by  beating 
It)  oxid«>  in  an  atmosphere  of  oxygen  gaa.  Tlicy  are  more 
lible  than  calcic  peroxide,  and  baric  peroxide  is  an  important 
IBftenl. 

295.  Characteriitic  Beacfiong.  —  Calcium,  stronlium,  and 
irtum  are  all  precipitated  from  their  solutions  by  alkaline  car- 
tnaies  and  by  oxalic  acid.  Tliey  may  be  distinguished  from 
tdi  other  by  tlie  relative  solubility  of  their  sulphales,'  and  by 
le  colors  of  their  flames,  which  ehow  characteristic  bands  with 

Bpceifoscope.     Ttie  comjiounds  of  strontium  impail  ro  a 
'less  Hamc  a  hrillianL  crimson  color,  and  those  of  barium  a 
'  Calofo  lolpliatc  pvs 
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yellowish  green.  Ilencc  tliey  are  much  used  by  tnakent  ofi 
works.  The  soluble  satu  of  barium  are  imporiiml  reageati 
tlie  laboratory,  aiid  both  the  nntire  and  Uio  artificial  enlnlN 
furnish  an  important  white  paicit. 

296.  LEAD.  Pb  —  207.  Bivalent  or  quadrivalent  0 
of  the  more  ubuadant  metallic  elcmoDts,  foittiil  chiefly  in  aunt 
Tclna.  Principal  ore  is  GalenR,  P&S.  There  U  also  ft  nad 
Plumbic  Carbonate  called  Cerusite  (P6C0^  Sp.  Gr.  G.4 
isomorphouA  with  Aragonile,  and  a  native  Plumbic  Sulpbl 
culled  Anglesite  {PbSO^.  Sp.  Gr.  6.30),  isomorphous  with  I 
hydrite. 

297.  MetaUle  Lead.  Pbl  —  ^.  Gr.  U.3C.  Melting-pot 
325°.  So  Goa  that  it  can  be  moulded  by  pressure.  Obtain 
IgL  By  altemnttily  roa^^ting  and  melting  the  gnlena  in  n  m 
beratory  rurnace. 

Roasting  stage, 

3/%5_j_  30.-0  =  i^S-l- 27^0 -I- 2B®„  or 
2PbS  4-20=0  =  PbS  -)-  PiSO, ;  tSl 

Melting  stage,  P6S-\-  2PltO  =  aPb-\-  S©^  or 

PbS  -i-  PbSO,  =  2;*  +  23D,  t* 

2d.     By  Bmeltitig  the  galena  with  scrap-iron  in  a  blast-fumi 

/%«+  Jffl  =  FeS-\-  Ph.  [3; 

Practically,  cowever.  both  proceast'S  are  far  more  complex  li 
the  react!  on  a  would  indicate.  Tbe  ore  is  in  all  cases  mixed  1 
gangue,  wliich  can  only  be  melted  with  the  aid  of  aome  I 
and  the  elaga  thus  formed  contain  a  large  amount  of  metal  I 
must  be  smelted  again. 

Load  dissolves  readily  in  dilute  nitric  acid,  but  is  not  a^ 
on.  or  only  very  glightly,  by  either  hydrochloric  or  Btilpbl 
acids,  unless  concentrated  and  boiling.  Kinployed  io  nntat 
leu  ways  in  the  arts,  both  pure  and  alloyed,  with  other  met 
Type-metal,  briiannia-meial,  and  solder  are  among  iho  most  i 
portant  of  its  alloys. 

298.  Plumbic  Oxide.  P60.  —  0biained  by  heating  ImiJI 
cun'ent  of  air,  when,  if  Ihc  heat  is  nut  too  great,  a  yrllow  n( 
der  is  obtained  called  Massicot.     At  a  heat  a  little  U-lo)r< 
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«s  the  axide  melu  and  crysiallizes  od  cooling  in  yellowieh 
(1  (calea  culled  Lilbarge.  Lsrgely  u>^ed  in  llie  arls  Tor  mak- 
g  flioi-gla^  for  glazing  eorthenivare,  and  for  pieparing  vari- 
m  piiints  aud  lead  sails. 

299.  Plumbic  Peroxide.  PtO^.  —  A  dark-brown  powder, 
ny  useful  in  [he  laboratory  aa  an  oxidizing  ageni.  Tlie  bright 
d  powder  callt^d  Minium,  obtained  by  still  furtlier  roHSling 
assfcot  at  a  low  red  heat,  is  a  mixture  of  P/iOi  and  PhO. 
here  is  also  a  suboxide.  Pb,0. 

300.  Piumbir  /f^drale.—Thc  normal  hydrate,  Pb^llo.^  has 
tvep  been  obiaiuL-d,  hut  we  can  readily  form 

Diplumbic  Hydrate  {Pb-OPhyHoj, 

Triplumbi.;  Hydrate  {PbO-Pb-OPbyi&a 

y  the  following  reactions:  — 

H^0,\  +  (4/r  .ffo  +  Aq)  = 

iPb'O-Pby-IIo,  +  (4A'iV^a«  +  ffiO  +  Aq).  [321] 

[Pi>0,HC,ff,0,),  +  2(.Vff.)  flb  +  Ag)  = 

{Pb:,0;)^ffo^-\-  {2{NH,y(^C^H,0,)  +  Aq).  [322] 

A  plnmhic  hydrate  is  formed  by  the  simultaneous  action  of 
r  and  water  on  letid,  nhich  is  slightly  soluble ;  and  as  all  lead 
lis  are  poisonous,  and  even  in  minute  quantities,  if  the  dose  is 
ten  repcale<l,  ni;iy  be  injurioua  to  health,  it  is  not  SHfo  to  use, 
r  driaicing,  water  which  has  been  kept  in  cisterns  lined  with 
kd  or  drawn  through  lead  pipes.  The  presence  of  nilriteti, 
tnites,  or  chlorides  greatly  increases  the  corrosive  action  of 
iter  on  lead,  while  carbonates  and  sulphates  exert  a  prcser- 
Idre  ineuence. 

801.  Ptitmbie  Jfitrate.  Pi=(ii'^0,)p  — Obtained  by  dissolving 
Iwrge  or  lead  in  dilute  nitric  acid.  Soluble  in  water,  but  In- 
luble  iu  strong  nitric  acid. 

SO-|-(2ff-A'O,  +  J<7)  =  (i^=(J\^(3,),4-Zr,0+Jy).  [323] 

(ZPB-(\o,),  +  4i/,o  +  Aq)  +  aar©.  [324] 

802.  Piuinbic    Acclalt    {Su-jar   of  Ic-uJ).    Pb-(^C\IfiO^^. 
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SIfjO.  —  The  most  important  soluble  salt  of  lead,  mil/  ot^ 
tained  bj  dissolviDg  PbO  in  acetic  acid'  Lead  had  a  greM 
tendency  to  farm  basic  salts  (38).  Hence  a  solulioQ  of  lii> 
ueutral  acetate  will  di^olve  a  large  additional  qoantity  tf 
litharge. 

2PhO  +  (Pb-iC,ff,Ot\+  Aq)  = 

{{Pb-0-Pb-0-Pb)-{<\a^O^^-\-  Aq).  [823] 

If  COf  ia  now  passed  through  this  solution,  the  excess  oT/^O 
ia  precipitated  as  carbonate.  Fresh  portions  of  PbO  mav  tliea 
be  dissolved  and  the  proce»<9  repeated.  The  plumbic  carliotuda, 
which  i.i  obtained  bj  tbi^  and  other  analogous  methods,  is  mr 
much  used  us  a  white  paint  under  the  name  of  while  lead.  Tbe 
products  of  the  different  prowssea  have  not,  however,  Ihe  taan 
composition,  but  are  mixtures  of  the  carbounte  and  b/dmte  ia 
varying  proportions. 

S03.  Plumbic  Sulphate,  PbSO^  is  obtained  as  a  while  pT** 
cipitate  on  adding  sulphuric  acid  or  a  soluble  sulphate  to  a  soIik 
tion  of  a  salt  of  lead.  It  is  practically  insoluble  in  pure  water 
and  dilute  sulphuric  acid. 

304.  /Hiimhic  P/w$p/tale  is  found  in  nature  in  the  mineral 
Pyromorphite,  which  in  isomorphoua  with  apatite  aod  bas  nn 
analogous  con.^iiitmion  (PbtCl)  i.  OM^O),.  The  miueral  Mim- 
etine  is  Ihe  corresponding  isomorphoua  araeuiate.  A  mellrd 
globule  of  plumbic  pliosphate  assumes  on  cooling  a  peculiar 
radiated  crystalline  structure,  which  is  very  cbaracteri^iic. 

305.  Plumbic  Chloride,  PbClj,  may  be  obtained  as  a  whilA 
crystalline  powder  by  the  reactions 

PbO  -\-  {iHCl  +  Aq)  =  PbCh  +  (H,0  4-  Aq).  [SSB] 
{Pb{NO,)^  +  iHGl  -\-  Aq)  =: 

PbOlt  -\-  {2imO,  +  A</).  [327] 

It  is  only  very  slightly  soluble  in  cold  water,  but  in  bmlipg 
water  dissolves  quite  readily. 

306.  Plumbates.  —  Caustic  alkalies  di&solve/^O  very 
forming  salts  in  which  the  lead  plays  the  part  of  a  i 
radical.  Hence  the  precipitate  formed  in  reaction  [3 
solves  in  an  excess  of  the  reagent,  and  a  Bolution  of 
lime-water  ia  used  as  a  hair-dye. 
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807.  Ckaraeteritlic  Reaetiont,  —  The  lead  compounils,  in 
may  of  tliuir  rcnclions,  are  closely  allied  to  ibe  eompounds  of 
lui  first  three  elements  of  thU  group.  For  example,  the  Bol- 
ible  aalia  give  pr«cipiut«s  witb  the  alkaline  cnrbanated  and 

with  oxalic  aciJ.  But  in  other  reactions  tbere  are  murked  dif- 
rerCDce*.    Tliua,  I.  A  strip  of  metallic  xinc  placed  ia  a  eolution 

af  plombic  Hcetate  precipitate*  all  tlie  lead. 

Pit  -j_  (2i,«(C^0,),  +  Aq).  [328] 

L  Sulplmrutlcd  li^rogen  gm  passed  ibrongli  either  an  acid  or 
O  alkaline  Eolutiou  of  a  salt  of  lead  gives  a  black  predpiuU  of 
idanibic  sulphide. 

(/».C7,+  ff,5'+^3)=P6S+f2/rCT  +  ^7).  [329] 

g  tlie  udutioD  is  acidilieti  with  hydrochloric  ncid,  ihe  pr» 
»  first  red,  owing  to  the  formation  of  (PbS-PbyOI^ 
s  Hwn  converted  into  the  black  sulphide.     8.  Htiated 
I  cliarcoal  before  the  hlow-pipc,  with  reducing  fluxes,  the 
mpoundx  of  lead  yield  a  boD,  malleable  bead  of  inclal,  and  the 
oitnolialcly  arouud  the  bead  is  at  the  same  time 
1  with  an  incrustation  of  oxide  which  xs  orangc-colarcd 
Irfaile  hot,  but  becomes  lemon-yellow  when  cold.      By  theae 
mactiont  Icarl  i»  esBily  distinguished  from  calcium,  ^irontium, 
I  barinm.     Indeed,  the  distinction  is  so  marked,  that,  al- 
i  Ihe  r«semblati««  are  wry  striking,  it  may  be  doubted 
r  lead  belongs  to  the  eame  chemical  series. 


Seaetioru  and  Prt^enu. 

I,   Calcite  and  Ammonite  arc  bolli  nni  unfrequently  found  in  acic- 
lar  eryitalk     How  may  they  be  distinguiiihed  ? 
ft.   Cooipare  the  molecular  volumes  of  Colcitc  and  Aragonile. 
S.   By  igniting  lOU  port!  of  pura  calcic  carbonate.  Duma.'  obtained 
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5.  Howmuch  CaO  can  be  obtained  Irom  lOOkilo^ 
limettone?    Uow  much  Ca-Ho^  will  tliis  ojiiaunt  /idd? 

AiiB.  M  kilos,  and  71  Ua 

6.  How  mncb  limestooe  must  bo  burnt  U>  jielil  SCO  k.ilas.i>rqa 
time  ?  How  maoy  tubic  metres  of  CO,  woulil  be  trX  free  in 
procew?  Ans.  1,000  kilos,  and  223.1  ii 

7.  In  one  cubic  metre  of  llmestODe  aesuined  to  be  pure  caldn  i 
bonate,  Sp.  Gr.  2.72,  Lov  uiany  cubiu  raetrcs  of  CO,  are.  eonieiw 

Aia.  601.1  u 

8.  What  is  the  cause  of  the  incrustatJon  of  boilen  by  valas 
bonate  ? 

9.  Liiiie-water  is  used  to  purify  hard  water.    Explain  the  iWMi 

10.  A  bed  of  limrstooe,  Sp.  Gr.  =^  2.75,  and  100  mvUa  tb 
wonld  make  a  bed  of  anthracite  coal  of  what  tbicknen?  As 
that  the  Sp.  Gr,  of  anthracite  is  l.B,  and  that  it  cootaini  90  pert 
of  carbon.  Aus.  I0,S7inea>a 

11.  In  order  to  precipitate  lime  as  completely  as  powibla  i 
smmonic  carbonate,  it  is  important  to  avoid  an  excess  oT  amm 
ults,  and  to  warm  the  liquid,  but  not  to  bcnl  it.  Give  the  reti 
for  these  precautions.  Also  analyte  reactions  [31 1  and  the  rerei 
and  state  tbc  principle  under  which  they  may  be  brought. 

12.  One  cubic  decimetre  of  quick-lime,  Sp.  Gr,  3.1S,  will  ali 
how  many  cubic  decimetres  of  water?  How  many  units  of  faeat 
be  evolved  by  the  change  of  stale  which  the  water  undergoca? 

13.  In  burning  quick-lime  it  is  found  that  the  process  bucm 
best  in  damp  weather,  and  is  facilitated  by  injecting  steam  into 
kiln.     Why  should  you  infer  that  this  would  be  the  case  ?     (B8.) 

14.  Give  an  explanation  of  the  hardening  and  adhesioa  of] 


16.  When  milk  of  lime  is  spread  over  walls  in  the  proce«  of  wli 
washing,  what  compound  is  formed  on  the  surfncc  ? 

16.  How  many  cubic  metres  of  CO,  can  be  abjiorbed  by  ■  ^ 
tity  ofmilk  oflime,  containing  112  kilos,  of  lime  (CaOj? 

1 7,  When  lime-water  Is  shaken  up  with  CO,  it  is  rendered  tail 
How  do  you  explain  the  reaction,  and  to  what  application  of  lii 
water  in  the  laboratory  does  it  point? 

IS.   In  order  to  render  100  kilos,  of  sal  soda  caustic  howni 

quick-lime  must  be  used?     [97.]  An*.  52.83  kika 

19.   Uuw  many  litres  of  chlorine  gas  would  be  abaorlml  byl 
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IcM.  of  lima  (CaO)  first  reduced  to  h)>lr»W,  and  how  much  MnO, 
lut  Ihi  usud  Ut  yivlil  tbQ  reijuinito  nmount? 

Am.  in  part,  39, S5  litres  of  chlorine. 
10.    Blt'ocbing  mlu  haw  hvea  regarded  aj  n  mizture  of  calcic 
klorido  with  cali:iu  hjfpoclilorilc-     lion  would  you  writu  tbu  symbol 
1  thi*  llieorjt  ? 

21.    Urtirewnt  by  graphic  syubob  CaCO„  CaO„  CaOCl^ 
SI.   The  percentAge  coinposition  of  gypaum  i»  calcium,  23.Zfi ;  Bul- 
ilnir,  te.ei ;  oxygen,  3^.21  ;  water,  30.92.     Culculate  the  eymbol. 
13.   I«  the  incrustation  of  stcom-boilvra  by  insulubla  cnluic  (ulpbate 
to  UiQ  Muoe  rause  as  the  incrusUtiun  ul'iult-paiu  bygypHumlJ 
the  ditTcrencc 

H.  If  the  otticium  contained  in  one  cubic  decinnetre  of  anhydrite 
11^  be  KpUvud  by  //,,  what  woald  be  the  volume  of  the  ptoiluct 
HBMl? 

BS.   If  •  conc«nCrfttcJ  solution  of  soilic  sulphate  b  mixed  with  a 
'•paoeDtrated  solution  of  calcic  chloride,  the  whole  mam  bpcomea 
Write  (be  reaolion,  and  explain  what  becomes  of  the  water 
Mluiion. 

Ana.  (iVVSOj  +  CaCl,  +  aW.O)  —  2.VaCT  +  CaSO, .  itjfi. 
t6.  How  could  you  iteteet  ihtt  presence  of  sulphuric  acid  and  lime 
■  wlotion  of  li^^um  V    Write  the  reaction* 
S7,   Bi-prvsent  the  constitution  of  apatite  by  a  gmpbic  symbol. 
Z8.   How  may  you  regard  apatite  as  derived  from  calcic  hydrate? 
HtAt  ilupoTtant  part  does  fluorine  play  in  tbo  compound'/     DoM 
it  Ibc  prewncc  of  lueh  a  Dnivalcnt  element  in  this  compound  Hir- 
di  an  argDDicnt  in  favor  of  the  diatomicity  of  calcium  ? 

49.  How  much  hydrochloric  acid,  Sp,  Or.  1.1,  will  he  required  lo 
BMnlte  AO  grammes  of  ehalk,  and  bow  many  litres  of  k^D,  could  bo 

Ui  obtaitird  ? 

Ans,  179  grammes  of  acid  and  11.16  litres  of  CO,. 

50.  By  what  tingle  reaction  eould  you  change  a  solution  of  calcic 
tntte  tnlij  a  eolulion  of  nitre  ? 


8S.  Compare  Ibe  mnlncular  volumes  of  the  native  carbonates  of 
rDRtinni.  bariain,  and  lead  with  those  of  Arn|^nite  and  Calcite. 

93.  VitAe  the  reaction* by  which  strontic  and  baric  sulphates  may 
I  prapired  from  the  corrvspaading  nitrates  or  cblaridc*. 

M.  Analyu  Um  nactituu  by  which  tlio  oldorides  and  DitralM  of 
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ini]  bnriuin  mav  be  prepared  from  tlio  cormfxniiliiig  nk 
pbalcs.  anil  nbow  why  such  a  circuilouB  inetiitxt  is  neceasarr. 

3S.  Couipare  the  moletular  Tolume  of  the  Bulpbatea  of  [hi*  puup 
with  that  of  the  corresponding  carbonali.'s. 

3S.  ITow  may  solutions  of  cidclc  and  Btrontic  mlphalea  b«  load 
to  detect  barium  and  strontium,  even  if  nuxed  together  in  tlm  buk 
solution  ? 

37.  Knowing  that  iiilphtirtc  ncid  if  in  excess  will  eompletely  pR- 
cipitate  barium  and  stroiitiuin,  how  van  you  detect  the  pnscorRof 
lime  in  a  Bolutioa  containiiig  all  three  ? 

3S.  On  what  doss  the  nse  of  the  tatta  of  barium  ts  tests  for  ml- 
pUurii:  acid  depend  7 

3!).  To  how  much  SO,  do  0,932  grammes  of  baric  mlplisla  ew- 
respond?  Aiu.  0.320  griuuiuM. 

40.  A  quantity  of  Witherite  weighing  0.S9I  grammes  was  diuolTed 
in  hydrochloric  acid  and  preeipitaleil  with  sulphuric  acid.  Tlie  pre- 
cipitate when  washed,  dried,  and  ignited  weighed  0.G99  grooimia. 
What  per  cent  of  barium  does  the  Diincrol  contain  ? 

Ans.  69.87  per  cenL 

41.  Baric  and  strontic  carbonatca  are  not,  like  calcic  carbonatei; 
easily  decompoaed  when  heated  in  the  air,  but  readily  give  off  CO^ 
ifheatod  in  an  atmoephere  of  hydrogen.  I!ow  do  you  expUiD  Hum 
facUl  and  do  they  confirm  or  otherwise  your  answer  to  rjuestion  13? 

42.  What  is  the  percentage  of  lead  in  the  three  ininerBls  Aiigl^ 
site,  Ceruaite,  and  Galena?  Ads.  68.32,  77.54,  SS.CS. 

43.  Analyze  reactions  [UI3- 320]  ami  stale  the  general  liieor^rf 
the  smelting  process,  including  the  removal  of  the  gnogue  ud  ihs 
reduction  of  the  ore. 

44.  E;(plain  the  peculiar  action  of  lead  with  acid  solvenla.  Vlij 
must  the  nitric  acid  be  ililulcd,  and  to  what  extent? 

4i.  How  mnny  kilni.  of  litharge  can  be  obtained  from  37.1  kiha 
of  lead,  nnd  what  volume  of  oxygen  gas  would  be  absorbed  In  tto 
prwesaV  Ans.  38.86  kilos,  and  2  m.' 

46.  Represent  the  plumbio  ojcides  and  hydrates  by  grnpluc  tjn- 
bols,  and  show  how  the  basic  hydrates  are  related  to  the 
normal  hydrate, 

47,  The  action  of  nitric  acid  on  lead  depends  on  the  di 
concentration  and  on  the  temporatare.  Write  the  reaction 
that  N,0  is  formed. 

46,   How  many  kilos,  of  crystallized  sugar  of  lead  cun  \ 
/roni  S.69  kilos.  oE^lhB.Tg,«t  Ans.  11.37 
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49.  ,HoiT  mtich  litharge  will  a  eolution  eontainir^  11.37  kilos,  of 
of  lead  dissolve,  aseuining  chat  trlplumbic  auctate  is  the  produi-t 
Ana.  13.17  kilo*. /'to. 
1  of  CO,  on  a  Bolution  of  basic  acetate  of 

acetates  be  regarded  as  derired  from  the 

of  dilate  Bulphnric  acid  on  a  solution  of 

lution  of  pyromorpliite  and  mimetenc  by 


sa.   Writo  the  r 

SI.   ITow  may  the  basic 

mnal  faydratvs  ? 

5S.  Write  the  reaction 

S3.   Represent  tlie  const 

BpLic  sjmlxils. 

£4.   What  is  the  derivation  of  the  name  pj-romorphite  ? 

C&.   Will  the  whole  of  the  lead  be  precipitated  from  its  i 

Ktic  acid  by  an  excess  d{ IlCl  -\-  Aqf 


57.  Why  should  a,  solution  of  PbO'm  lime-water  blacken  the  hair 
'  any  other  organic  nmleriol  containing  sulphur? 

58.  How  could  you  detect  the  presence  of  lead  in  water? 

59.  From  a  solution  containing  all  the  members  of  tbi."  group,  how 
mill  you  separate  the  whole  of  the  lead  V 

60>  The  solubility  of  the  compounds  of  the  elements  of  this  group 

innliiibeB.  as  a  general  rule,  in  proportion  as  the  atomic  weight  of 

metallic  radical  increases.     Does  this  fact  conform  lo  the  law 

'Iiicb  generally  obtains  in  chemical  setius  in  rcgvd  to  the  chemical 

of  the  different  members  ? 


MAGNESIUM. 


Divimtms  VI.  and  VU. 


308.  MAGNESIUM.  %  =  24.  —  Dyad.      One  of 
most  widi^ly  dUiribuied  elenienls,  nllliough  not  so  ikbundant 
CaJcium,  with  which  it  u  ui^uaUy  aiisociated.     In  some  of 
relations  it  is  very  closely  allied  to  ciiLiiim,  but  also  diff 
froni  it  in  maijy  imporlant  re^pectr^, 

309.  Metallic  Magneiiiim,  Mg,  \i  readily  obtained  by  decc 
posing  the  anhydrous  chloride  with  muLillic  sodium,  also 
electrolyi'l.'.     It  is  a  silver-white  metal,  melting  at  a  red  h( 
and  volmilizirg  at  a  high  lemperaltire  in  an  atmo-pliere  o' ' 
drogen.     It  iB  malleable  and  ductile,  is  ensi^jiiible  of  8 
polish,  and  does  not  tarnish  in  dry  air.     Healed  in  the  in 
latces  fire  and  burns  with  grent  splendor  [59],  and  it  ia 
mutrh  used  as  a  source  of  pure  nhite  liglit  when  great 
liancy  is  required.     Boiling  water  nets  upon  the  melat  <{i 
rapidly,  but  it  decomposea  cold  water  only  very  slowly. 

310.  Miifpieale  Oride  (Caletned Maffneita).  AfgO.'taobiai 
when  the  metal  is  burnt  in  air.     It  can  also  be  obtained  by 
oining  the  carbonate  or  the  nitraie.     It  is  a  bulky  whiie 
wholly  infusible,  and  emitting  a  bright  while  light  when  hi 
befont  tlie  blow-pipe.     Inteopely  heated,  il  appears  to  volattl 
nnt'bnngpd.     When  mixed  wiih  waler  it  slowly  unites  ' 

to  form  a  hydrate.  The  oxide  obtuined  by  calcining  ihe 
is  much  denser  than  that  ma<le  from  the  carlionatc,  and 
remarkable  hydraulic  qualities.  When  mixed  with  waie 
soon  sets  foi-min;;  n  bard  compact  mans  rei^embling  marble. 
the  oxide  is  heatnl  lo  a  very  high  tempera  lure,  it  luites  its  p( 
of  uniting  wiih  watpr,and  dissolves  onlyslnwiyeven  in  the  Mf 
eslocid^.  Crystallized  M<jO{Fif:f.5  to  7),  Perielase,  bast 
found  in  small  grains  iraliedded  in  a  limeslono  rock  ejected  I 
Veauviu,^,  but  ot!ierwi?e  it  does  not  oceur  uncombined  in  nat 

311.  M'ignrtic  Hi/drate,  Mij-Ofll^  is  found  nativti, 
liaed  in  largf  hcxasonal  plate*  (7fi),  Brucite.  It  pAn  I 
ily  formed  nriiilcinlly  as  nhovr>,  also  by  ad<ling  caustic 
soda,  or  buryta  to  the  solution  of  any  of  its  salts.  It  ti 
very  slightly  soluble  in  waler,  yet  suffieiently  lo  give  n 
alkaline  reaclion  (39).  It  absorbs  CO,  slowly  from 
nmcb  mure  slowly  than  calcic  hydrate. 
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312.  Magnttic  Carbonate.  Afff-O^'CO.  Sp.  Gr.  3.05&. — 
Tlie  mineral  Mugriesile,  isoenorphoiis  wilh  Culcite.  Insolublo 
in  pnre  wuler,  but  in  cariioiiic  acid  water  more  Bolulile  than 
otlcic  cnrbotiHte.  This  solution  is  muth  used  as  a  medidne 
(liqaid  mngnesin).  If  exposed  to  the  air,  llie  magncsic  car- 
bonate slowly  separHtci  in  cryslalline  flakes,  conlniiiing  three 
ftloros  of  water.  Anhydrous  magneaic  carbonate  i«  not  readily 
obtniiied  artiiieially.  Tbe  precipitate  obtained  on  adding  to  a 
ig  solution  of  a  magnesia  salt  sodic  carbonate  is  a  mixture 
of  rangne^ic  carbonate  and  magnetic  hydrate  in  variable  pro- 
portions (Magnesia  Alba).  The  prodnct,  Lowever,  appeara  to 
ite  rather  a  mixture  of  several  definite  compounds  of  these  two 
;  and  a  crystalline  mineral  ia  known  called  Uydromagaesite, 
iwhich  has  the  formula  J/,AI(ifi,.jC) .  2H^0  or 

Ho^il^C-Mg-yi-C-Mgoi-C)  .  IH^O. 

Ungnesic  carbonate  is  found  united  with  calcic  carbonate  in 
lineral  Dolomite  (.^.  Gr.  2.9).  Tills  is  by  far  the  most 
pbundant  native  compound  of  magnesiiiin,  and  forms  in  many 
iDealitiea  extensive  beds  of  rocki=.  It  occurs  in  large  and  well- 
ijkflned  crysiab  which  are  isomorphous  with  cakile  and  magne- 
«ite  (Fig.  IG).  Tlie  mineral  is  somcwhnt  variable  in  iis  com- 
position, anri  may  either  be  regarded  as  an  isomorphous  mixture 
<£  thck>e  two  substances,  or  else  as  a  definite  compound  mixed 
>K\Ca  an  excess  of  one  or  the  other  of  it 


M3C0,-\-  CaCOt     or 


o'iC-O.^CyCao. 


n  calcined  at  not  too  high  a  temperature,  the  magnesic  ear- 

ilonaie  U  alone  decomposed,  aud  a  product  oblaincil  which  forms 

)  excellent  hydraulic  cement.     From  the  calcined  mass  the 

a  can  be  dissolved  out  by  carbonic  acid  water  and  freed 

rom  the  lime.     In  (his  way  pure  magnesic  carbonate  is  pre* 

Mivd. 

813.  Macule  Sulphate  (Eptom  Salt).    MgSO, .  7//,0.— 

The  most  important  soluble  salt  of  miignesin.     Olnnined  from 

Ifae  bittern  of  sea-water,  or  by  treating  the  native  carlmnHies  or 

mite  with  sulphuric  acid.     It  is  a  very  common  ingredient 

r  oilseral  waier^  like  those  of  Epsom,  and  is  farmed  when 


raler  saturated  wilh  gypsum  filters  through  Dolomi 


;  rocks. 
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Tbe  salt,  wilh  seven  molet^nles  of  wHter,  U  iliiiJurpboai).avitfl 
lizing  boili  in  nrihorhoinbio  forma  isomorpboua  witli  ZnSW 
mo,  and  in  monocliniu  forms  isomorphou?  with  FeSO, .  78Q 
it  maj  al.'O  he  obtuined  crystallized  with  1, 2.  3, ....  ]3  mod 
cules  of  water  under  regulated  coiiilitjons,  chiefly  ortetapeniiBl 
The  coDipouad  MgSO^ .  H^O  (Kieeerile)  is  (bund  in  ihe  Stifl 
fiirt  Bait-beds.  Ep^om  phIC  is  reduced  to  the  same  comporiln 
wbea  healed  to  150%  but  (he  litst  molecule  of  water  iii  r«laini 
even  at  20l)°,  ntid  ihis  leads  us  lo  believe  thRt  it  form*  «  pJ 
of  the  molecule  of  tbe  salt,  whose  formula  would  then  be  wil 
tan,  Mga-SO'^Ho^  ThiH  opinion  is  confirmed  by  Rnding  lU 
this  molecule  of  wflter  may  be  replaced  by  the  molerule  of  d 
alkaline  Eulpliate,  forming  a  double  snii,  which  cryslallicps  wfl 
6Z^0  in  thu  same  form  as  ningnei<ic  aulpbale  Willi  1  BfO.  n 
symbol  of  the  polasb  ealt  is  I 

Mffo-{SO-OrOSyKo^.6fftO.  J 

Epsom  salt  dissolves  in  about  three  times  its  weight  of  CM 
water.  It  is  a  valuable  medicine,  but,  tike  all  the  soluble  aa 
of  magncHum.  it  has  a  bitter,  disguBtiug  taste.  1 

S14.  Magnfsie  Silicates.  — The  well-known  minerals.  S| 
pentine.  Talc  (Soap-Slone).  and  Ciirysolile  (Olivine),  are  J 
Beutially  masnei^ic  Bilicatee;  and  in  many  other  native  dilioitl 
including  the  Hornblendes,  Augiics,  Chlorite^  and  some  tJ 
etien  of  MicH,  mngnesium  i^^  one  of  the  principal  bn^^ic  miQca 

31.').  Ma^ffir  Chloride.  MgCl,. —  Found  di^olred  in  « 
water,  and  ihe  cause  of  its  bitter  la»(e.  Obtained  by  di-solvd 
magnesiic  carbonate  in  hydrochloric  acid,  and  evaporaTing  Ivfl 
fltmo'phere  of  hydrochloric  a<^id  giis.  If  evninrnted  in  tbe  q 
the  ealt  is  partially  decomposed.  Ver}-  rii!>iblQ.  Used  for  nmltfl 
magneeium.     Forms  double  palls  with  alkaline  chlorides  (IH 

316.  Charaelerittie  Reactions.  —  Magneeinm.  altbotw 
cloivly  related  to  calcium,  is  dintinguii-bed  from  the  alkau 
earths  by  llie  great  solubility  of  its  siiljihalc.  also  by  its  la 
dency  to  form  soluble  double  salts  with  ammonium,  in  cond 
qnence  of  wliich  no  precipitate  is  formed  in  solutions  of  itanfl 
either  by  an>monia  or  amtnonic  carbonate,  when  sufHcieot  ex<fl 
of  some  ammonia  salt  i«  present.  The  smmonic  inagneilB 
phosphate,  however.  (JV//,  Ir^.JOJP.O,  .  12//,0  ia  inw4B(|| 
and  is  formed  whenever  sodic  pho-plmie  is  added  to  an  M 
tnoaiacal  solution  of  &  ma^munx  «b.Iu    Tiiis  reaction  faaiHll 
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817.  ZINC.  Zn  =  GS.2.  —  Dyad.    One  of  iLe  more  abun- 
dant meUiIlic  elenieuLs.     Tbe  principal  ores  are 


Bed  oxide  of  Zinc' 

z»o 

Hexagonal, 

Blende 

ZnS 

laoinetric, 

Zno'CO 

Hexagonal, 

Calamine 

Zn«,iSi. 211,0 

Trimetrie. 

The  ores  are  reduced  by  first  roasting  or  calcining  until  the 
I  in  the  condition  of  an  oxide,  and  then  distilling  with 
1  mixture  of  coal  in  earllien  retorts  or  mufBea. 

818.  MtlaSie  Zinc.  Zn.  —  Sp.  Gr.  6.8  to  7.2.  Fuses  at 
100'.  Boils  at  a  red  heat  The  polished  Burfuce  has  a  bright 
!,  with  a  bluLsh  tint,  but  soon  tarnishes  in  moitit  air.  Has 
I  crystalline  Btniciure,  but,  although  britLle  both  at  a  high  and 
■  low  temperature,  it  may  readily  be  rolled  out  into  sheets  at  a 
(empeniture  of  about  140°.  Sheet-zinc  is  nearly  as  cheap  as 
•heel-iron  ;  and  since  it  does  not  rust,  or  at  most  only  very  sa- 
perflcially,  it  is  preferable  tor  moiiy  purposes.  Iron,  however, 
:h  stronger  metal,  and  is  frequently  coaled  with  zinc  to 
it  from  rusting.  It  is  then  $aid  to  bo  galvanized.  Zinc 
tdUy  dissolves  in  dilute  acids  with  the  evolution  of  hydrogen, 
)  is  much  used  in  the  laboratory,  together  with  dilute  sul- 
iharic  acid,  for  making  this  ga^  The  metal  is  first  granulaled 
If  poaring  it,  when  melted,  into  water.  When  boiled  with  a 
olntion  of  cau^ltic  soda  or  potash,  it  also  dissolves  with  evotu^im 
t  hydrogen. 

Bm  +  (iKo-ff-\-  Jii)  =  (KoiZfi  +  Aq)  -f  21  m.   [330] 

[t  !b  u«?d  as  the  eWiro-po^itive  metal  in  the  galvanic  battery. 
319,  Zincic  Oxide,  ZnO,  which  is  made  in  large  quantities 
ij  burning  xinc  vapor  ni  the  mouth  of  the  reduction  furnaces, 
)  I  very  light  white  powder,  much  u>ed,  when  mixed  with  oil, 
m  a  while  paint.     A  denser  oxide  is  obtained  by  calcining 

8X0.    Zincit  Hydrate,  Zii'ffOf,  is  formed  by  the  reaction 
ZnSO,  +  ■2K-Ba -\-  Arj)  =  Zn -/7b, -|-  {K^SO^A^  Aq),  [331] 


t  is  wluhlu 


n  excess  of  reagent. 


321.  Zinnc  Carbonate,  ZnCO„  is  isomorphons  with 
Bile  anij  calcite.    When  prepared  by  precipilation,  k  mixnini 
bydrate  anil  carbonate  is  formed,  as  in  (312). 

322.  ZlnckSulph^e{Whittrilriul).  ZnSOt.7lftO.~yt 
soluble  salt,  isomorphoua  with  Epsom  «a1t.  which  it  cloielj' 
eembles  in  moat  of  its  uliemicul  relations,  forming  similar  don 
salts.     Preparation  as  in  [64].     Used  iu  pharmHcy. 

323.  Zincic  Chloride.  ZiiC7r  —  A  solution  of  zinc  in  hyd 
chloric  ucid  can  be  concentrated  by  evaporation  without 
position.  All  the  water  ia  not  driven  off  until  the  temp 
reaches  25U°.  The  result  is  a  thick  syrap,  which  formh 
cooling,  a  while,  deliquescent  solid,  melting  al  100°,  called 
the  alchemists  Duller  of  Zinc.  It  has  an  intense  affinity 
water,  and  by  its  aid  the  elements  of  water  mny  fi-equently 
removed  from  a  chemical  compound  without  producing 
further  change.  Thus,  alcohol  may  be  converted  by  it 
ether  or  ethelyne.     According  to  the  proportions  u^d,  we  I 

C,H,0—Jf^O=iQfft    or  2C^H,0—lftO  =  2CtIft0.ii 

For  the  same  reason  it  acts  as  a  cautery  on  the  skin.  It 
also  used  in  solution  as  an  antiseptic  and  difinfecling  sipeoU 

324.  Zinc  and  the  Alcohol  Radicals.  ~  Zinc  Aletltt 
ZB'(Cfl;),:  ZincEihide.Z«K'^a^^)«i  Zinc  Amy lide,Zn'(C,/f; 
Observed  Sj).  ©t-  of  vapor,  3.29,  4.26,  and  '6.95  respecii' 
Obtained  both  by  heating  zinc  with  the  iodides  of  methyl,  eth 
or  atnyl  in  sealed  tubes,  and  by  the  action  of  zinc  on  tJie  i 
cury  compounds  of  tlie  same  radicals.  They  are  nQ  tl 
colorless,  tranaparent,  strongly  refracting,  and  mobile  liqi 
They  nre  also  volatile,  boiling  nt  the  lemperaTuri's  of  46",  II 
and  220'  respectively.  They  are,  likewise,  highly  inflHraiMl 
and  the  tirst  two  lake  fire  spontaneously  In  the  air.  As  tin 
compounds  do  not,  as  a  whole,  combine  wiiU  any  nf  th«  C 
ments,  ihcir  molecules  are  evidently  saturated,  and  tliejF  i 
interesting  ns  fixing  beyond  all  doubt  the  atomic  relatknu 
sine  Moreover,  they  are  useful  reiigeiits  in  many  prooei 
of  organic  chemiplry. 

325.  Chfiractcnslir  ItfacCioni.  —  Zini^  like  niagnedl 
forms  soluble  double  salt&  with  animnniit,  but  it  is  easily  dM 
guished  by  the  fact  that  its  sulphide  is  Insoluble,  nut  onhf 


JS2C.J  ISDIi:jl.  —  CADMrou. 

'Boliitions  of  tbe  fixed  alkalies,  but  also  in  ihase  of  ammonia  and 
h»  ■'slu.  Hence  it  is  precipitated  from  all  alkaline  solutions  by 
su  I  p  buret  led  hydrogen.  The  sulphide  thus  obtained  h  a  white 
cipilaie,  soluble  in  dilute  mineral  acids,  but  insulublti  in 
aceilc  ncid. 

320.  INDIUM.  In  =  72.  Sp.  Gr.  7A2.  CADMIUM. 
Ctf  =  1 1 2.  Sp.  Gr.  8.03.  —  Dyads.  Two  rare  metallic  ele- 
s  associated  with  zinc.  Indium  only  in  exceedingly  mi- 
nute quantities,  and  at  very  few  localities.  Cadmium  fur  more 
generally,  and  in  much  larger  amounts.  Indium  is  less  vola- 
tile, and  cadmium  more  volatile,  than  zinc,  and  hence  in  distill- 
fng  zinc  from  ils  ores  the  cadmium  is  found  in  the  "  zinc  dust" 
^Ivbieh  is  collected  in  the  early  stage  of  the  process,  while  the 
dium  cornea  over  later  with  the  great  mass  of  the  zinc,  with 
lucli  it  remains  alloyed.  With  sufiicieDt  differences  to  mark 
«ir  indivi duality,  Ihe^e  metals  resemble  zinc  in  almost  every 
^^  rticular.  They  form  similar  oxides  and  hydrates,  similar  sol- 
uble salts  with  hydrochloric,  nitric,  and  sulphuric  acids,  similar 
■olable  compounds  with  ammonia  salts,  similar  light-colored  sul- 
(itiides  insoluble  in  alkaline  solutions  and  acetic  acid.  Cadrai- 
\  differs  from  llie'oihers  in  this  respect,  ihat  its  hydrate  is 
ftuoluble  in  caustic  rada  or  potash,  its  basic  carbonate  insoluble 
Sn  excess  of  ammonic  carbonate,  and  its  yellow  sulphide  insolu- 
1  dilute  mineral  acids.  Tins  sulphide  is  found  in  nature, 
and  the  mineral  is  called  Greenockiie.  Zinc  pretipilales  cad- 
Biium  from  solutions  of  its  salts,  and  both  zinc  and  cadmium 
|ire«ip!lHie  indium.  Indium  and  cadmium  are  more  fumble  than 
sine,  and  form  very  fusible  alloys.  Indium  melts  at  I7ij°,  cad- 
n  at  242°,  and  an  alloy  of  cadmium  with  lead,  tin,  and  bis- 
BKtth  ha*  been  made  which  melts  at  C0°.  Cadmium  boils  al 
i&i',  and  the  Sp.  Gr,  of  its  vapor  has  been  found  by  ohser- 
htlion  to  bo  56.8o.  Indium  and  cadmium  burn  when  hi-ated 
bttfore  the  blow-pipe,  the  first  yielding  a  yellow,  and  the  laitt 
ft  bmwn  oxide,  vary  unlike  the  white  oxide  of  zinc.  Ahh»ugk 
n  uloBoly  alliL-d  to  magnesium  and  zinc,  these  associated  ele- 
nrtils  probably  belong  to  a  different  although  parnlltl  series, 
ind  the  relation  between  the  atomic  weights  of  the  four  elo- 
nenls  is  in  harmony  with  this  view.  All  these  four  metals 
r  very  characteristic  hands  with  the  ppKcirosco]*,  and  in- 
dium wa»  Unt  discovered  by  the  well-marked  indigo-bluo  bandi 
fnim  which  it  takes  ils  name. 


QUtsnONS  AND  PBOULEJIS. 

QuMCi07ig  and  PrvUentt. 

I.  Write  the  reaction  of  Bodiam  on  magnesic  Ghlorid& 

3,  When  water  U  deoampceed  by  Diagncalum,  what  ore  the  p 
uttaf    VVriw  the  reaciion.    [43.] 

3.  How  do  you  account  for  the  intense  brilliancy  of  the  I 
emitted  by  burning  magnewum?     (95.) 

4.  Write  the  reaction  of  water  on  calcined  mugnewa.     [-It] 
B.   Write  the  reaction  of  solution  of  caustic  Hida  on  lolUiM 

mnunwic  i' Monde. 

Alii.  (MgCl^  +  2NaBo  +  Aq)  —  MgHo,  ■\-  {iNaa  -f-  A^ 
G.  Represent  the  compoaition  of  bydromagnesite    by   gnj 

Bymbols. 
.7.   Bepreaent,  grapliically,  the  compound  radicala  Mgo,  Cm,  1 

and  show  tUuir  relations  to  hydronjL 

8.   liepreaent,  graphic^ly,  the  composition  of  Dolomite. 

9-  What  do  you  understand  by  the  term  ieomorpbous  mixtam 

10.  Explain  the  theory  of  the  preparation  of  magnesic  CArboi 

from  Dolomite. 

II.  The  symbol  of  magnetic  sulphate  may  be  written  ifif- 
or  Mg'0,'SO„  or  Mgo--SOf  What  different  idea*  do  theu  Ci 
BUggeat  V 

12.  Write  the  retictjon  of  sulphuric  acid  on  the  two  constttw 
of  dolomite,  and  show  how  pure  Kpsom  salt  may  be  thoa 

13.  Write  the  reaction  of  a  solution  of  gypsum  aa  nufp 
carbonate. 

M.   llepresont  by  graphic  tfmbols  MySO,  .  Hfi. 

13.  Rcpicspnt  by  gmphic  symbols  the  composition  of  poli 
masni^ii^  sulphate,  and  explain  the  relations  of  the  ciystallind 
to  Epsom  salt. 

16.  Write  the  reaotioa  of  hydrochloric  Bcidonmagnesic  carboB 

17.  Explain  the  decomposition  which  results  when  a  Mlntioa 
magnesic  chloride  is  evaporated  in  the  air,  and  why  an  at 
t^  net  should  prerent  the  change. 

IS.  What  is  the  difTcrence  between  the  relations  of  baiis 
magnesic  carbonate  to  calcic  carbonate  ? 

A>i«-  The  first  is  related  to  Aragonite,  the  second  to  Caloil 
10.  Vniat,  is  the  diSerence  between  the  reactions  oftodio  «ti4 


QUESTIONS  AKD   PROBLEMS.  S 

e  im  lolations  of  calcic  and  magDesitr  ta\ts,  and  on  trhat  does  t 

RVrEnce  depeDd  ?     Write  the  reactjons  id  tbe  loo  casus. 

SO.    What  'a  the  difference  between  the  reaction  of  aiiimonic  a 


Dliieu 


e  solut 


!1.   Write  the  reaction  of  aodJc  phosphate  on  a  solitdon  of  mag- 
me  and  amnionic  chloride. 
Am.  iMgCI,  +  JVff,  +  H,!fa^O,^PO  +  Aq)  = 

(HO j,M8"=«.=-i^  ■  6H,0  +  (SJVaCi  +  Aq.) 
32.  Write  the  reactions  when  line  blende  and  amithsonite  wo 

Ana.   ZnCOt  =•  ZnO  -j-  CO,,  and  2Zo8  -|-  3®'©  = 

2ZnO  -f  2i'0,. 

S3.  Write  tbe  reaction  when  zincic  oxide  is  reduced. 

Ans.  ZnO  -f  C  =  Sn  +  (S®. 

M.  Write  the  reactions  of  dilute  sulphuric,  h/drochloric,  and 
■C«lic  acids  on  zinc 

£5.   What  part  does  zinc  plaj  in  reaction  [330]  ? 

K.  In  what  diOerent  ways  may  the  symbol  of  Eincic  hydrate  be 
written?  Ans.   Zn^(h,H^  Zn-Ho^  Zno^H^ 

ST.  When  zincic  hydrate  dissolves  in  caustic  soda,  what  is  formed  ? 

58.  Write  the  reaction  ofsodic  carbonate  upon  a  solution  ofzincio 
fnlphate,  assuming  that  three  molecules  of  zincic  hydrate  are  formed 
la  every  two  molecules  of  zincic  carbonate. 

Ani.  (SZnSO.  Jf-  l>Na,CO,  +  ZH,0  -f-  A,/)  -= 

2ZaCO,-l-3aBlEllo, -|-(5A'o,SO, +J.;)  +  3(9.©,. 

59.  In  what  different  ways  m&y  the  symbol  of  zineiu  sulphate  be 
pitten,  both  the  anhydrous  salt  and  the  salt  with  one  molecule  of 

Wftter?     Represent  graphically. 

80.   Write  the  symbol  of  potasaic  zincic  anlphate.     What  is  the 
yttaltine  form  of  (his  double  salt,  and  with  how.maDy  molecules  of 
Kt«r  does  it  crystallize  ? 
BI.   Write  the  reaction  of  ammonic  sulphide  on  a  solution  of  zincic 

(21.50,  +  {Nn:,,S  +  /I7)  = 

ZnS  +  ((AfB.),SO.  +  Aq). 
S2.   Write  the  raution  of  sulphuretted  hydn^n  on  a  solutioo  of 
alaeio  acetate. 

Would  xincic  vulpbidtv  be  precipitated  from  a  solution  of  zincic 
containing  an  exai;ss  ot' bydrochloric  acid?    ^Vliat  ia  the 
between  Uiii  case  andthMof32?    (3|.) 
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Cadmium. 
84.   Write  the  reactioii  of  dilute  Bulphuiic  acid  oi 
8fi.  "Write  [he  reaction  of  eodic  bydrate  oo  solution  of  eadfflio 


nlphate. 
88.   Write  the 


ofii 


n  of  indium  ehloridei. 

a  w>lDuai  aC 


a.  be  leparaled  from  linc  T 
carbonate,  and  by  sulphur 


SB.  By  what  reactioDB  may 

Ana.  By  metallic  zinc,  by  i 

led  hydrogen. 

39.  ^MlBt  ia  the  electrical  order  magnerium,  tiuo,  indium,  aod 
cadmium  i* 

40.  Af^uming  that  the  atomic  «  t  of  cadmium  is  112,  what  ii>- 
foCDce  may  be  ilranu  Irom  tho  S]  -.  of  iU  vapor  in  regard  to  tba 
constitution  of  its  molecule  ?  Does  laa  conclusion  hare  any  bearing 
on  the  other  dyad  elemenis  ? 


I 


JHvisiona  VIH.  and  IX. 

7.  GLUCimJM.  Gt  —  9.8.  —  Dj-ftd.  A  metnllic  ele- 
found  only  in  the  Beryl,  GlOii{Sit0^yiAl^,  the  Chryso- 
,  Glo'AlfOf,  and  a  few  oilier  rare  miiiuntls.  The  metal  U 
light,  Sp.  Gr.  2,1,  is  malleable,  lifts  a  bright  wliilc  lustre, 
not  alter  in  the  Bir  even  when  healed,  and  does  not  decoU' 
Kqiieouit  vajxir  at  a  red  heat.  It  resembk-B  aluminum,  as 
lo  its  oxide,  hydrate,  and  chloride  the  corrcgpunUing  tom- 
Is  of  the  same  meisl.  The  hydrale  differs,  however,  from 
S  aluminum  in  several  important  respeute.  Although  kiI- 
[n  canilic  alkalies,  it  ia  again  precipitated  on  boiling  ibu 
d  solution.  It  dis-olvee  in  soluiionii  of  carbonate  of  am- 
1,  with  wfaicli  it  forms  a  (.-rystatline  salt.  Il  yields  with 
jiric  acid  a  well-crystal !i/ed  sulphate,  GlSO^ .  iJ/iO,  which 
with  potas^ic  sulphate  a  double  salt,  K^Gh(S0,)3 .  2N,0, 
f  different  from  alum.  Lastly,  it  abj*rba  t'O,  froiii  the 
The  Baits  of  lliis  metal  have  an  add  reaction  and  a  sweet 
whence  the  name  from  yXu*rt. 

t.  YTTRIUM,  r=(;i.7,  and  ERBIUM,  £^=!12.S. 
nds.  MetHllic  eletnenld  associated  together  in  Gadulinite, 
iantalite,  and  a  few  other  very  rare  minerals.  First  rec- 
id  in  ihe  specimens  from  Yltcrby,  in  Sweden,  whence  the 
i.  In  most  of  their  relations  they  quite  closely  resemble 
mm.  They  differ,  however,  from  il  in  forming  insoluble 
tes,  and  hence  arc  precipitated  on  adding  an  exeesa  of  ox- 
AA  lo  solutions  of  iheir  sails.  Their  hydrates  also  are  in- 
e  in  caustic  sod»  or  potash,  although  they  dissolve  readily 
Itions  of  ammonia  and  its  carbonate.  The  oxide  of  yttrium 
He,  that  of  erbium  slightly  rose-colored.  Oxide  of  er- 
whm  healed  in  a  colorless  flame,  shines  with  a  green  liaUt, 
Igh  it  does  not  volatilize;  and  with  ihe  spectroscope  the 
t  phenomenon  is  seen  of  brilliant  colored  bands  superim- 
nn  a  continuous  spectrum.  Bloreover,  solutions  of  erbium 
ib^rb  the  same  colored  rays  which  the  ignited  oxide 
I  and  when  a  luminous  flame  is  viewed  with  a  <ppctro- 
ifarougli  such  a  solution,  dark  bands  are  seen  which  have 
mc  position  as  the  luminous  bands  just  mentioned.  Tha 
r  J^trium  exhibit  no  phenomena  of  this  kind.  ~ 
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[i3M. 


329.  CERIUM.  Cs  =  92.  LANTHANUM.  Za  =  oa.& 
DIDYMIUM.  D  =  05.— These  iliree  nire  i-lemenU  are  found 
iniieparobly  united  ia  Cerite,  Allanite,  Lauthanite,  Yilroc<^rilF. 
Parifiite,  and  several  o[her  very  rare  minerals.  Tlie;  ai«  twt 
unfi'equentif  aasociattd  with  the  elements  of  the  Ikst  tnctioa, 
which  they  resemble  in  many  ptirliculur:<,  but  tliey  dilfer  fnu 
them  in  f'niming  with  potassium  inMiluble  double  soljihates  anil 
hence  they  are  precipiiated  on  adiliiig  an  excess  of  p<jiiiAi>ii:  «ul- 
phate  lo  j^oluliona  of  [heir  salts.  They  all  yield  oxides  uf  ilie 
tbrm  RO.  hut  cerium  dtlTers  from  lbs  other  two  in  fumiing  a 
higher  oxide,  pmbubly  (iVgO,,  which,  when  heated  with  hydro- 
chloric acid,  evolves  clilorine.  The  oxides  of  cerium  anil  lan- 
ihanum  aru  more  or  \i»%  culured,  and  that  of  didymium  t.<  Aak 
brown.  The  »alts  of  didymiirm  are  pink  or  violet  colored,  anl  | 
when  in  solution,  even  in  small  quantities,  absorb  powi?rfiit^  I 
ceilain  rays  of  light;  and  the  spectrum  of  a  luminous  tlaiM 
viewed  through  such  a  solution  shows  a  strong  absorption  baod  ■ 
in  the  yellow  and  another  in  the  green.  A»  these  bntida  differ  i 
wholly  from  those  of  erbium,  they  enable  us  lo  recognize  with 
certainty  the  presence  of  didymium,  as  none  of  its  a-=social«d 
elements  produce  any  such  effecL  Moreover,  since  the  du^ 
acteri^'tic  absorption  bands  are  seen  with  reflected  as  well  U 
with  ti-aDsmitted  light,  we  are  enabled  to  extend  tliis  mndeoT 
investigation  even  to  opaque  solids. 

In  regard  lo  the  elementary  substances  but  liltlu  is  koom 
Ci'rium,  which  lias  been  obtained  by  reducing  its  chluride  wHk 
sorliiim.  is  a  soA  metal  like  lead.  When  poH>he<l,  it  exhiUuA 
high  metallic  lustre,  and  its  specific  gravity  is  about  5.0. 

Qiitttiont  and  ProbJrmt. 

1.  Some  chemitts  refrard  eloci 
and  hence  write  the  ayrnbot  Glfi, 
weight  of  gliiuinum?  An- 

2.  By  what  two  reagents  may  the  elements  of  this  s.'ttii.n  i 
vided  into  ihreu  groups 'i*      Ana.  OxidicaL-id  and  polassii-  si::],lj; 

3.  When  mixed  with  the  other  atlied  oxides,  the  amount  t>f 
oxide  present  may  be  determined  by  diswlving  out  of 
tlie  air  a  weighed  amount  of  the  mixed  oxides  in  bydroubbriO' 
to  wliich  some  potassic  iodide  ha«  been  added,  and  U>m 
[173]  the  quiintity  of  iodine  thua  aet  free.     Writ«  tb«reM 
trating  the  theory  of  the  procees. 

Ana-inpirt.  Ce,0,-V'>UCl.  =  lCeC(^+ 4ff,0 


as  a  seaquioxide,  like  olnmiM 
What  would  then  be  the  atooit 


0.] 


(SO.  NICKEL,  m  =  58.8.  —  Quaativalcnco  usually  two. 
)  of  the  ItrM  abuDilunt  meloUic  elcmenls.  Tbe  chicF  nalive 
ipoijotb  arc 


Bithauptite  HcxHgonal 

ipTeroickcI  Uexagunal 

lottDtliilc  (Niccollfi^rous 
Bmaltiue) 
ckel  Ghmc^ 
uniDcUbcrgite 
iUeri(a 
Bwnite 
Vitriol 


Isometric 
Ixomelric 


A-.V[.«.], 


iHtmelric 
Monoclinic 
inbargile  (Nickel 

Id)  SfoDoclinio 

M  Nickel  (Zaratite) 
Uhtte 


Ortliorliombic  Jfi'![JjJ, 
ilc^XRgonal       m^S, 


IfulO^{AtO),.8ff,0, 

mtWtWO.ff,  ■  iJfiO, 

[Ai,i/y],.i»0,.ui5i',0, .  CF,0. 


t  iMtal,  however,  is  obtained  chiefly  from  a  iiiccoIiftToua 
II  pyrites  (magnetic  variety),  which  only  rontaine  the  clement 
in  «cceiM>ry  constituent.  The  native  arseni(le)>,  nnd  an  im- 
»  iv^Ius  (t-alleJ  gpeiu)  fonned  in  the  preparation  of  eniald 
:  the  other  jioarws  of  iho  nickel  of  commerce.  Tlie  proccisa 
extracting  the  metal  is  complicaled  and  tedious.  It  com^i.'^tfl 
naMing  the  ore.  dissolving  the  resulting  oxides  in  acid,  and 
eeipitaiing  first  the  associated  raclals,  and  Hfti>r»'Hrd8  tlie 
U  by  appropriate  rcagi'uie.  The  chief  difliriillv  i,N  to  sep- 
s  from  the  nickel  (he  more  valuable  cobalt,  with  which 
ksl  M  almost  imnriDbly  associated,  and  to  which  it  ia  very 

HvtoUic  Dickel,  ^.  Gr.  6.82.  has  a  silver-white  color,  a  bril- 
It  metallic  lustre,  and  does  not  tamiiih  when  exjio^ed  to  the 
It  has  great  tenacity  and  malleability,  and,  wiire 
t  abnmUol,  trould  rival  even  iron  In  this  tjuinher  of  its 
a  In  the  nieful  arts.  Nickel  reMmUca  Vma  w  mwcvj 
t«  qmlkirg.     Wltea  pant,  it  js  nearly  »  u^IutuLiVc  «&  wrtniglxl* 


iron,  aad  may  be  forged  in  a  eimilur  way.  When  comtiiiu^ 
with  a  smoll  amount  of  carbon,  it  luny,  like  cail-iron,  lie  fusMl 
in  an  ordinary  wind  fumac^e.  Nickel  is  alsu,  liku  iron,  nuioq* 
tible  of  magnetism,  but  llie  mtigiicric  power  U  leu  marked,  aa^ 
vb<.-n  henied,  it  loses  tiiia  virtue  at  a  mu(?h  lower  tetnpvrMiui& 
AIoi'oovui',  like  iron,  nickel  id  soluble  in  dilute  Mil|>liuric  ut 
hydrochloric  ncida  with  evolution  of  lijrfrogen  gas,  but  tlio  afr 
lion  is  less  energetic,  and  tlie  metal  dissolves  only  alunly.  Tlw  , 
best  solvents  are  nitric  acid  and  aqua  rtrgin.  Nlrktl  forms  wub 
copper  a  brilliant  white,  bard,  tenacious,  malleable  uiloy,  auj  | 
a  small  amount  of  nickel  will  nbiten  a  largu  body  uf  cup|i«t; 
This  alloy  is  much  used  for  coinage,  and  aa  the  l>a^i  of  ilx 
lit-tter  kinds  of  electrotype  plate.  German  HJlver  is  itn  allay^^ 
copper,  zinr-,  and  nickel  in  about  the  pro^iortion  of  ii:3;£ 
Niirkel  may  alao  be  alloyed  with  iron,  and  is  a  coii»Ur>t  o 
uent  of  the  metallic  meteorites.  Nickel  readily  combiner  with 
each  of  the  members  of  the  chlorine  group  of  elementik,  b 
only  in  one  proportion,  and  the  compounds  tkus  Ibrmed,  NiFp 
ifiC\  &c,  are  all  soluble  in  water. 

There  are  two  oxides  of  nickel.  The  proioside,  MO.  U 
olive-green  powder,  readily  obtained  by  igniling  either  Uie  nf- 
trale  or  the  carbonate  of  the  metal.  Jt  is  a  bitoic  anlijdridi^ 
dissolving  readily  in  the  mineral  acid$,  and  forming  the  ordinaiy 
nickel  salt",  in  nil  of  which  M  adx  at  a  bivalent  radieaL  Tk 
seaquioxide,  Ni^O,,  is  a  black  powder,  also  obtained  by  igniting 
the  nitrate,  but  at  a  lower  lempeniiure.  It  is  an  nnsinble  va 
pound,  and,  when  heated,  is  retKilved  inio  the  lower  oxide  ■ 
oxygen  gas.  It  is  not  a  basic  anhydride,  and,  when  heutitj  witi 
the  mineral  acids,  one  third  of  the  ox)'gen  is  given  off  a=.  t' 
and  a  salt  of  the  ordinary  type  is  the  result.  In  ilie  ->«; 
ide,  Ni  is  a  quadrivalent,  but  the  double  atom  {lii,)  •ii-i-. 
texivaUnt  radical.  The  tendency  to  form  radicals  of"  iln 
type,  which  is  only  foreyliadowed  in  nickel,  becomi^s  a  auikiij 
chamcter  in  the  elements  which  follow  in  our  cla3sil}»ui< 
Of  the  crystallized  soluble  salts  of  nickel,  the  most  o 
are 

Niccolous  Chloride  J^'iO/, .  9ff,0. 

Niccoloua  Nitrate  JVi'Oj'(JVO,),  .  Gi^A  I 

Niccolous  Sulphate  Jfi'./f^'-O^SO .  G^O,  f 

Dipotassic-niccolous  Sulphate        A7,AV-0^(5(y,,6j" 
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The  sails  of  Dit-kel,  both  when  crystallized  and  wlien  in  bo- 
iation,  liRTc  u  cbaraclerislic  green  color ;  but,  wheu  rendered 
■nhjdrous  bj  heat,  this  color  ufaangcs  to  yellow.  From  [heir 
I  nlniions  llie  lixed  alkalies  precipiunu  a  liydmtf,  and  (lie  nlka> 
.IJiit.'  turlwnatex  a  basic  oirbonaie,  of  iiickt-l,  botli  lormlng  [lale- 
'Jpvun  jirwcipilaies.  The  first  is  probably  ibe  definiti!  ooiupouiid 
jfi'OfJfti  but  tlie  composition  of  ibe  second  varies  wiib  the 
|mn]>eniture,  strength,  and  proporiions  of  ilie  ^lulious  eni' 
iloyed,  and  the  product  is  closely  analogous  lo  ibe  precipitates, 
rluch  lire  obtained  under  similar  conditions  from  aoluiioiis  of 
he  wits  of  magnesium  or  zinc. 

The  Efdtfl  of  nickel  readily  combine  both  with  ammonia  and 
riih  the  uinmonium  salts.  A  large  number  of  pi-odui^i^  may 
Hi  he  formed,  which  are  easily  soluble  in  water.  The  fol- 
irlng  crystalline  compounds,  which  indirectly  play  an  impor- 
mi  part  in  some  of  the  methods  of  qualitative  analysis,  will 
i  as  types  of  the  class :  — 

From  solutions  of  such  ammoniacal  compounds,  and  Iroin 
r  alkaline  solutions  containing  nickel,  the  metal  is  precipi- 
i  as  [JViJIOgl//„,  both  by  chlorine  gas  and  by  the  alkaline 
^|)Oehloriles.  The  precipitate  has  an  intense  black  color,  and 
i»  reaction  is  one  of  the  most  delicate  tests  for  nickel,  but 
)cs  not  distinguish  it  from  cobalt.  Nickel  ia  also  precipitated 
om  alkalme  solutions  by  N^S  or  by  alkaline  sulphides.  The 
aek  precipitate  thus  obtained  has  the  same  compo.'iiion  aa 
(Uterite,  NiS  It  is  insoluhle  in  the  dilute  mineral  acids,  al-  . 
lOngh  in  acid  solutions  of  nickel  salts  JI^S  gives  no  pn^cipitate. 
wo  other  sulphides  of  the  element,  Ni^S  and  NiS^,  hate  been 
Mcribed. 

881.  COBALT.   Co  =::  58.8.  — Quantiralence  usually  two, 

■ciated  with  nickel  in  the  same  ores,  but  less  abundantly 

elrfbuted.     Most  of  the  minerals  enumerated  in  the  last  scc- 

n  contain  cobalt     When,  however,  this  metal  preponderates, 

Bicy  are  in  mo$t  cases  classed  as  separate  mineral  species,  and 

'ii-linct  mimes.      No  cobalt  mineral  corresponding  to 

Kapferuickel  or  Breithanplite  has  been  found,  but  ne  have 


COBALT.  [i33t. 

Smaltine  Isometric  Coi{As^ 

Cobaltine  iBometric  '^''^[■S^(J«J3, 

Linoeeite  Jsometric  Co,S„ 

Glaucodot  Orthorhombic  foi[._%,(^J]. 

Sjepoorite  CA'S, 

Cobalt  Vitriol  Monocllnic  Co=0,'S0,.7ff,0, 

Erythrile  (Cobalt  Bloom)  Monodinic  Cb,IO^(JaO),.8i/,a 

To  tliese  must  be  added  an  impure  oxide  of  cobult  (Ean^ 
Cobalt),  and  a  mineral  called  Remingioniie,  wliicli  probaliN 
corresponds  to  Emerald  Nickel.  There  is  a  variety  of  Lio- 
nsBite,  called  Siegenite,  wliich  conlaina  a  large  proportion  af 
nickel ;  but  no  purely  niceolil'erous  compouoil  of  tliia  type  if 

Id  all  their  chemical  relation^  the  two  metala  here  aaton- 
ated  resemble  each  other  so  closely  that  the  dt'.scription  rf 
nickel  gtvea  above  applies  almost  word  for  word  to  cobalt,  nut 
it  ia  only  necessary  to  indicate  farther  the  points  of  ditfeiencc 

Metallic  cobalt  rusts  more  readily  than  nickel,  but  less  md- 
ily  tlian  iron.  It  ia  magnetic,  and  possesses  valuable  qualities 
but  is  M)  costly  that  it  baa  received  no  applicatioo  in  the  uiU. 

Cobalt  forms  but  one  stable  compound  with  either  of  tliu  mem- 
bers of  the  chlorine  group  of  elements,  CoC'l^  &c. ;  but  by  die 
solving  Co,Oa  in  hydrochloric  acid  a  red  solution  is  oblaiacd. 
which  b  supposed  to  eontiiin  Ch,Cl„.  The  compouii<],  huwenr, 
is  very  unstable,  for  the  solutioo  evolves  chloriue  on  the  ±ligbl> 
est  elevation  of  t^mperalure. 

There  are  three  well-marked  oxldea  of  cobalt.  Cobaltav 
Oxide,  CoO;  Cobaltic  Oxide,  O>,0j;  CoballouB-<»l»altic  Ox- 
ide, OosOii  but,  besides  these,  several  others  feavo  been  &■ 
tinguished,  which  are  probably  either  mixtures  or  luolitculir 
aggregates  of  the  first  two.  Not  oiJy  is  ^0  a  Strang  baiic 
anhydride,  like  IfiO,  but  also  Co,0,  dissolves  in  acids,  e^i^ 
cially  in  acetic  ncid,  forming  salts.  We  hnve,  therefore,  to  S^ 
tinguish  between  cobaltoon  and  cobahic  salts ;  but  ibv  lut 
very  unstable  and  Utile  known. 

The  ordinary  cobaltous  sails,  when  crystallized,  are 
are  usually  lilac-colored  when  anhydrous,  and  the  pink 
tions,  which  they  yield  with  water,  become  blue  when 
trated.     On  this  change  of  color  depends  (ho  virtue  of 
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'mpatlietic  inks.  From  Bolutions  of  tbege  salte,  potassic  or 
■lie  bvdnilc  precipiuite  Co^O/M,,  which  has  a  delicate  ro^e- 
CDlor.  The  pale-blue  precipitate,  which  generally  falls  Srsl,  is 
ft  batiic  fall  of  cobalt,  but  if  warmed  with  an  excess  of  the  re- 
tgrol,  it  soon  acquires  the  composition  aad  color  of  the  normal 
fdrat<!.  ir  exposed  to  the  air  this  hydrate  absorb:i  oxygen 
tpidly,  and  changt's  to  a  dtugy-green  color.  The  normiiJ  co- 
ikic  hydrate  is  uot  known.  The  black  precipilHte  ohtuined 
y  the  actiou  of  chlorine  or  the  hypochlorites  on  alkaline  solu- 
DDa  conluiiitiig  cobuU  is  the  second  anhydride  of  this  hydrate, 
r  0,'[Cb,]^0.=//|.  The  same  compound  ia  formed  when  chlo- 
n«  gnd  h  p&sM;d  through  wattT  or  a  solution  of  caustic  potash 
aiding  Gotiallous  hydrate  in  suspen^iou,  When  the  alkali  ia 
■ed,  the  wliole  of  the  hydrale  is  convened  into  the  cobaltio 
impound :  but  with  pure  water  only  two  thirds  as  much  are 
stained.  The  compound  of  nickel  formed  under  the  same 
mditions  is  aujiposed  to  be  the  normal  uiccolic  hydrate. 
Tht  tendency  to  form  soluble  compounds  with  ammonia  and 
fill  the  ammonium  sails  manifested  hy  nickel,  appears  again 
Ml  more  prominently  in  the  allied  elenifnt  cobiili.  Moreover, 
lere  are  cohallic  as  well  as  cobaltoua  compounds  of  this  class, 
id  the  Iftit  lend  to  pass  into  the  first  by  abj^orhing  oxygen 
hen  exposed  to  the  air.  The  number  of  there  compounds  ia 
Sty  numerous.  They  have  a  very  complex  constitution,  and 
1  nuiy  ca'^es  at  least  are  piMbiibly  formed  on  tlie  ammonia 
>pa.  We  may  re;!ard  tbem  as  compounds  of  ammoaio-cobalt 
»«,  to  Kevehil  of  which  distinctive  names  have  been  given. 
be  AiUowing  scheme  exhibits  the  relations  of  the  more  impor- 
Bt  compounds :  — 


Compounds. 


CbJi .  ANH^, 


Colt .  6NIff 


Cobahie  Compound!. 
[tWjff, .    »2fff^    Fusco-coUliic  salts. 
[CbJVfj  .  lOiV/T,     Roseo  or  Purpureo-coballic  salts, 
ICo^^Ra .  UNHt     Luteo^»baltio  salta. 

In  the  above  symbols  R  stanils  for  a  bivalent  acid  radical, 


like  (SO,),  (CO,),  (CjO.)  or  Cl»  (JfO,)^  &c.     Subtdtm 
these  ID  tLe  geueral  Kjnibul,  we  obtnin  ihe  spticiSc  ey 
ibu  various  salts  of  the  assumed  liases;  but  in  moat 
crjstalliced  salt  contains  in  addition  oDe  or  more  molecalM  tt 
water,  which  frequenlly  play  an  important  pan  in  in  ounsau- 
tion,  and  determine  marked  difierenccd  of  quaUlies,  ua  in  llie 
following  typical  tompoundsi  — 

Piirj.ureo-coballic  Chloride     [0>,](?/, .  lOWT^ 
li-weo-«)baliio  Chloride  [  Co,]  CI,  .  1  oyjf^  ,  2i^,  0. 

Xuniho-1-obi.ltio  Cblorida        [  Co,]  O, .  10J\7/,  .  JV,  O,  .  ff,a 

C'>hiiltous  oxidu  combines  with  many  of  the  tiasic  as  Wi'll  at 
with  the  acid  anhydrides,  yielding  in  seveml  cases  cumiiouDdi 
disiiiigui.''hi;J  by  great  brilliancy  of  ooloring,  Tho  compoiiod 
with  lAl^'jOi  is  knftwn  aa  Thenaid'a  blue,  that  with  ZnOn 
Itinman's  green.  Such  compounds  are  formed  when  the  at- 
lAllic  oxides,  moistened  with  a  Bolution  of  cobultous  nitrnte.  MC 
heated  belbre  the  b!ow-pipe,  and  the  production  of  the  colurii 
one  of  the  moiit  characteristic  blow-pipe  reactions. 

Coballous  oxide,  when  melted  into  glass  or  into  the  gljue  of 
earthenware,  imparts  to  the  material  an  intense  blue  culiir,  and 
the  brilliancy  and  the  depth  of  the  color  render  the  oxide  mm 
of  the  most  valuable  vitriliable  pigments,  and  (bis  is  its  cbiaf 
nse  in  the  arts.  The  bine  pt};ment  called  smalt,  used  for  odof- 
ing  paper  and  dre^ising  white  calicoes,  is  a  pulverized  alfcaHn 
glass  strongly  colored  with  the  oxide. 

Cobalt  JB  distinguished  by  the  same  reactions  as  nickel  fnn 
all  other  metallic  radicals.  From  nickel  it  is  di sting uiv lied,— 
First,  by  [he  blue  color  which  the  oside  ^ves  to  bumx  ghui. 
Secondly,  by  the  fact  that  potassic  nitrite  precipitates'  the  c^ 
bah  from  nitric  or  acetic  acid  solutions,  while  it  does  not  prvdp' 
ilaie  nickel.  Thirdly,  by  the  circumstance  iliat  cyanide  of  co* 
bait  forme,  when  boiled  with  a  solution  of  poiii>5ic  cyaniik  m 
contact  with  the  air,  a  compound  corresponding  to  poiassie  leni- 
cyanide.  Tlie  solution  of  potaisic  cobnlli-cyanide  t- 
com|x»sed  by  JfgO  or  by  alkaliue  liypocbloritea,  while 
solution  o(  the  cyanide  of  nickel  and  potassium,  formed 

niilKiBin'nn  of  precfpHnto  Bcconline  to  S.  P.  SniIUcr, 
K..|fSl.ilOu."l'V,P,i...H,t* 


831.J  QUESTIONS  AND  PBOBLEMS. 

MU&o  circumstances,  all  llie  nickel  i^  precipitated  by  Uie 


ftO-i-f2fl-cy-j-vi5)=co'(cni),+(fl',o+^7.)  [33s] 

i2K^l{C^i,Co,)  -I-  2i/,0  +  Ag).  [334] 

iO  +  (4A'-CAr-f.  11,0  +  J7)  = 

{IK-CN. Ni-( CN)t-\-2K-0-H-\- Aq).  [335] 

[gO  +  (2A--CV.  Ifi'iCN),  +  H,0-\-  Aq)  = 

IVi=0,'H,+  {■2K-0N.  Hg^{CN\-\-  Aq).  [356] 


Quettiont  and  ProUemt. 


of  Kupfernickel 

E.  In  the  evmbol  of  Nickel  Glaoce,  in  what  reUtion  does  the  sdI- 
ur  stand  to  ilie  anenk  ?  Could  tbese  elemenla  repiuce  each  other 
•ingle  alonw? 

R.  Wliat  ia  the  distinction  between  Cbloanlbite  and  Bammels- 
fjpM  'f  Does  the  flome  di»tiiictioD  reappear  in  ibe  correspondiog 
mil  of  either  of  the  allied  elemenla  ? 

Rave  any  facta  been  stated  which  prow  that  oiukel  is  ioma- 

qBMJriralent  ? 
h.  lUproent  by  a  graphic  symbol  the  congtitution  of  niccoloiu 


«id,  and  also  of  hydrochloric 
\0,. 

T<  Po'nt  out  the  analogies  between  njekel  and  line. 
fti  Thv  precipitate  first  formed  by  ammonia  or  amiDOTUC  carbon- 
•  in  aoluliona  of  the  saltB  of  nickel  redisratvea  in  an  excess  of  the 
agent,  ui>I  does  not  (brm  at  all  when  a  large  amount  of  ammonic 
llonde  ia  present  How  do  you  explain  these  reactions  1 
9.  In  the  native  compounds  of  cobalt  this  element  b  more  orlesa 
pbcad  by  Iron  and  nickel.  Write  the  symbols  of  Smoltine  and 
!lif)altin«  to  a*  Co  indicate  this  fact. 
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10.  ant  by  graphic  gjiubols  the 
and  also  tnat  of  Ca,S^  and  CuS,,  the  only  othuT  EulpLides  not  nteo- 
tioned  in  Uie  tent. 

11.  ItrprcFPnt  by  graphic  ^-mbols  tha  coifttitution  of  the  &lW 
iDg  oxidi-9  and  oxysiitphidisB,  Co,0,,  Co,0,,  CofiS. 

13.   In  wbat  respects  da  Ibe  oxides  and  sulphides  of  cobalt  diAt 
from  tbose  of  nkkiA  ? 


13.    Write  tbc  reaction  of  cblorine  gas  on  cobaltous  hrdnlc,  ffl^ 
when  suapendod  in  water,  and,  bcci     "y,  when  suspended  in  idntiim 
of  caustic  potash.      Write  also  I 
take  place  when  hydrate  of  nicke 

H.   Ruprejent  tUu  composition 
typical  symbols. 

'  15.    In  patossic  cobalii -cyanide  '      it  'a  the  quanti  valence  of  At 
bait?     Do  the  cobalt  atoms  change      eir  atomicity  in  [334]? 

IG.    Analyzj  rtt.u'tions  [333]  to  [336],  and  show  tb.-it  Ibe  difflfl- 


orroaponding  reactioiu  whiii 

imilariy  treated, 

the  ammooio-cobatt  sails  bf 


ences  in  thu  wlations  of  cobalt  and 
depend  on  dilTorences  in  the  atom 
What  part  does  tbo  oxygen  of  the  eii 


'  the  alkaline  L-yanidii 
ic  rtlatlons  of  Ibe  two  elemeali. 
play  in  [331]? 


17.    Potassic  cobalti-cyanide  is  fonned  when  cobaltous  hjdraleii 
boiled  with  a  solution  of  potasaic  cyanide,  there  being  free  accetfof 


Wril 


the  r( 


18.  Write  the  reai^lion  when  a  aolution  of  potajsie  hrpochloriu 
(K-O-Cl)  is  added  lo  the  product  of  reaction  [335]. 

19.  Point  out  the  resemblances  and  the  dilTerences  in  the  cheni- 
cal  relations  of  cobalt  and  nickel,  and  show  how  far  they  may  be 
traced  to  the  cirLumstance  that  the  radical  {_Co,J  is  more  stable  liis 
the  radical  [-Vij]. 


UAKCiAN'ESE. 


Divmon  2CI. 

332.  MANGANESE.  Mn  =  55.  —  Quantivjiknca  two, 
nir,  six,  anil  possibly  etgiic  A  tolerubly  abundani  ulenwnt, 
nd  widely  dlifu^cd  lhrou;;liout  the  mineral  kiii;^lotn,  ciiliiriiig 
ilo  tliB  compositiuri  of  a  very  Jorge  numbc-r  of  inintnils.  The 
diowiiig  nrc  the  moet  chnrauteristic  or  importani :  — 


•j-ro!u»i.« 

Orlliorhoiiiljic 

MnO, 

tmunilD 

Tc'lrti.LToiml 

M„,0,a,  I^.Wh-SI)W, 

Telnii;i>iiiil 

.V»,,0., 

'■u]aiui.-luiia 

»!.,«<,■  1 

Wixmies  of  diflereni 

rnd 

Earlliy   1 

.,Kili«, 

Iniiganile 

Orthorfioinbic 

W,[.V«,].0,.H, 

laaeritt: 

Inomctric 

MnS, 

Un);aiibWnde 

Isomelric 

MnS. 

liodoniie 

Tridinic 

Mn-OjStO, 

to[>hn><ie 

Orlhorbombic 

miOiS!. 

friplile 

Oflhorhuinbic 

(iF..M„\F).0HPO)J 

[aaganeM  Spar 

RhombohpJnil 

Ma-o.ro. 

LngMo-csIcilo 

Onborbombic 

lCa,MnyOiCO. 

be  frieinenlary  pubs'ance  ia  a  very  hnril  and  brillle  metal,  Sp. 
'r,  8.013.  It  lias  a  gniyieli-wliile  color,  la  almost  infusiblei 
h1  very  slightly  mngiielic.  It  oxidizes  rapidly  in  raiA^i  air, 
id  di-composes  wAicr  even  at  tlie  ordinary  temperature, 
here  appear  lo  be  two  tondiiiotiB  of  the  mctsl  rorresponding 
wrouirlit  and  cast  iron;  but  il>  properties  have  not  b<K-n 
ontaghly  studied.  It  is  obtained  with  diffieiiliy  by  rodudiig 
a  oxide  with  tsirlion  at  a  very  high  tempermure,  and  as  yel 
s  found  no  applications  in  the  nrt^  Corre^iponding  to  iliQ 
rco  drgives  of  quantivalence  of  Mnnganesu  are  tlin-e  classes 
com|Miund-i. 

1.  Maiigaiious  eomponnils,  in  nhtcli  the  qunnlivnicnce  of  the 
onrnt  is  two.  ThU  class  int-ludes  all  the  manganese  inineraU 
ovfl  pnqmemtcd,  ttlVr  mnngan blende,  and  all  the  t-'>mmon 
Ivbls  m1|«  ^the  melid.     Among  the  lust  the  most  imporlaut 


Maogaoous  Chloride  MnCIt .  (2  or  iJT,0% 

Munganous  Sulphate  Jlfit  •  0/SO, .  (4,  5,  or  7J( 

Dipotassic-manganoua  Sulphate     K^MaiO^[SO,'],  .  B^ft 

There  ia  aUo  a  Bromide,  MnBr^  .  211^0.  The  mkngm 
compounds  are  distinguished  b^  a  detiiute  pink  or  nS  W 
From  Bolutions  of  the  tnaciganoiis  »&\u.  poiassic  or  wSe 
drate  preuipitaia  a  white  hydrate,  Mn-OfH^  wbicb  BihK 
oxygen  rapidly,  and  becomes  brown  when  exposed  to  tbe 
(Manganese  Brown).  In  like  manner  Bodic  or  potasne 
konale  precipitate  a  white  hydro-carbonate,  which  also 
brown  on  drying.  Amnionic  carbonate  also  proiiueca  the  s 
precipitate,  and  does  not  redissolve  it  when  added  iu  ex< 
Ammonic  hydrate,  ou  tlie  other  hand,  gives  no  preejpltal 
eolutious  containing  sn  excess  of  ammunic  chloride,  and  n 
solves  tlic  precipitate  which  lirst  forms  in  simple  aqueous  I 
tions.  Ammonio-manganous  salts  are  thus  formed*  and 
well-cryslnllized  ammonio-mBnganous  chlorides  have  beeo 
flcribed.  MnC/,  .  2^If,Cl .  H^O  and  MnCI^.  A'ff.Cl .  ti 

In  the  solution  of  a  manganous  salt,  sodic  phot^phate  nitd 
moniR  produce,  under  regu luted  condition'!,  a  highly  crvHtal 
precipitnle  having  the  eompoeiiion  {A'fli)pJ/Jj,iO„i(/'( 
211,0.  This  precipitate  yields  on  ignition  a  pyrophoHphaH 
untlbrm  composition,  and  on  this  reaction  is  bused  a  mlm 
means  of  determining  the  amount  of  manganese  iu  quwitiu 
chemiealanaly>i5. 

Mangnnous  oxide,  Afn  0,  i»  easily  obtained  by  t^duelng  dl 
of  the  higher  oxides  with  hydrogen.  It  is  an  olive-greeo  p 
der,  wliiph  burns  if  heated  in  the  air,  thus  forming  the  * 
oxide"  Mn^Of 

Manganou.4  sulphide  is  precipitated  on  adding  an  olkk 
snlphide  to  the  solution  of  a  manganouB  Bait, 
oTttd  hydrate.  MnS .  xH^O;  but  this  nUo  in  contact  «ridi 
Bir  rapidly  oxidizes  and  ttirns  brown.  It  readily  dtsMlra 
the  dilute  mineral  acidii,  and  also  in  acclic  acid.  The  M 
tendency  to  form  compound'',  in  which  mangnneiw  preaAl 
higher  order  of  quantivalcncc,  is  exhibited  by  atl  iho  soli 
mangiinous  suits,  and  e^ipecially  by  the  ammoniacal  soluiioBi' 
mentioned,  which,  when  exposed  to  the  air,  rapidly  nbsorb  0 
gfin,  become  turbid,  and  deposit  a  brownish  Aocculent 
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c  hydrate  (0^[Jfii,]'^j=Os?).  So,  also,  when  cblo- 
ine  gns  in  passed  tlirough  water  holding  raanga.nous  hydrate  or 
■rboiiati:  in  ftu-pensiou,  or  through  a  Bolutioa  of  a  manganaua 
which  an  excess  of  sodic  acetate  ha^  been  added,  the 
Dangane.ie  is  still  further  oxidixed,  and  the  hrowni^h  precipitate 
bUioed  ia  chiefly  a  hjdrate  of  the  dioxide  Mr 0,  .  11^ 0.  Bio- 
nine-iileo  [iroduces  a  similar  resull. 
2.  Miinffaiiie  compounds,  in  which  the  quantha/ence  of  the 
{  is  four.  Of  these  we  must  distinguish  two  divisions: 
■firU,  those  which  bare  for  their  radical  the  single  quadrivalent 
n  of  Diangitnese ;  second,  those  in  which  two  such  qusdriVA* 
Isnt  atoms  act  a^  a  compound  ^adi(^a1  wiih  a  quaniivalence  of 
~o  tlie  iirst  division  of  the  man^nic  compounds  probably 
belong  mo^t  of  the  nuiive  oxides.  Pyrolusite,  MitO^  has  a 
^f^Ualiine  form  similar  to  that  of  lirookite,  TiO^  which  is 
a  'Oxide  of  ihi  well-marked  tetrad  clement  titanium;  while 
!,  JfiifO^  ani.1  Ilau^mannite,  Mn^Ot.  have  a  form  which 
I  iMKrIy  Uoniurphous  with  Rmile,  an  allotropic  slate  of  the 
3  oxide  (Fig.  37).  but  wholly  unlike  (he  forms  of  FtiO^ 
(Pig.  44)  and  Fe^O^  (Fig.  33),  two  typical  compounds,  U> 
fhkfc  Braunile  and  Hausmannite,  if  containing  the  sexivalent 
tnUcnl  {_Mn^.  must  be  closely  allied.  Mauganite  [irobably 
'  *  g  tSia  radical,  as  it  is  isomorphous  with  the  native  ferric 

\,  GSthile. 
Of  Ihe  oxides  of  mangnneae,  the  red  oxide,  Mn^O,.  is  the 
Mst  ctftble.  The  higher  oxides,  when  heated,  are  all  resolved 
Ebio  MHiOf,  and  ihe  native  oxides  thus  become  sources  of  oxy- 
)  gas  [2S2].  When  heated  with  sulphuric  acid,  they  also 
jIto  off  oxygen  and  yield  manganous  sulphate  [231].  When 
|w«l«d  with  hydrochloric  acid,  they  liberate  chlorine  and  yield 
pwnganous  chloride  [77J.  Hemre  an  important  application  of 
tbc  niliTe  oxides  (n  ihe  arts.  There  are  reasons  for  believing 
ihe  two  aloms  of  oxygen  in  MnO,  stand  in  different  rela- 
I  to  Ibis  molecular  group  (23G),  and  the  chloride  of  man- 
na. Mn  Ct„  recently  isolated,  affords  sitll  more  conclusive 
enOe  uf  the  quadrivalent  relations  of  this  element.  This 
gsntc  chloride  is  exceedingly  unstable,  and  when  gently 
1  breaki  up  into  manganous  chloride  and  chlorine  gas. 
To  tlte  Fcond  division  of  the  manganic  compounds  belong 
inlc  bydrate,  Of\_Mn^'OfSf  and  eeverai  ict^  \ln%^:«&;)^a 
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compounds,  nliicb  liave  Uetn  formed  by  dissolTing  this  fcyiala  1 
in  <Iill(;rent  ai'ids.    Tbc  i^ulplmle,  liowevi^r,  bccomca  elabb  v' 
the  hexud  radical  ia  associated  in  ihe  iull  with  potassium. 
thus  obtain  an  intl;rei^ting  variety  of  alum, 

S.  The  most  characteristic  compoutidd  of  i 
tboite  in  whicb  ihe  t'lciiu'ut  is  either  sexivalt.-ni 
and  tlie  fact  lliiil  n  vuhiiile  fluDi'i<]e  of  ii 
which  contains  at  li'Hst  six  aloina  of  fluorine  ici  t-very  a 
mangnnese,  iudiuuti^  that  the  atomicity  of  ihe  elemr'ttls  a 
hv  \itii  than  six.  Indeed,  ibe  thiorides  illu^iralu  vury  filrikid 
the  tliffcretit  degrees  of  quauiivalt^nce  wliit-li  iuiu)giuie>i!  q 
a.-«uine.  for  we  have  Miil't,  AlnFt.  [JAi,]/i.  tiud  MaF^     ' 

Wl.(.-n  ail  inliimitu  niislure  of  A'-0-//aiid  J/nO,  is  i 
a  curreiit  of  oxygen  ga*,  the  following  reaelioii  inked  J 

On  dissolving  the  re^nltin;;  mass  In  water,  and  evaporalingfl 
deep  givn  Bolulion  thus  ohiained  (in  vacuo),  cryMals  are  fon 
i»)moi-|ihniis  with  K^^OfSOf  in  which  the  bcxadaiomsof  nj 
gancse  act  as  Hcid  radicals,  and  we  call  the  |>ro()uct  j 
luanpaiiate.   Tlif  ncid  corresponding  to  this  compound  bss  n 
been  isolated,  and  only  n  few  of  its  5alls  arc  known.     Thejrfl 
all,  like  piilftftsio  innnganatc,  exceedingly  unBinl>le. 

On  hilling  a  solution  of  jwiadsic  manganale,  tbe  foJlo 
remarkable  reaction  reauIU:  — 

ViKiOj^3T»  O,  +  3//iO  -\-  A^)  = 

find  a  ni'w  compound  called  potassic  permangauatc  u 
whicli  tbe  nloms  of  mangHnei*  appear  to  Imve  a  qiiantin 
of  eifrht.  Tiie  reaction  tiike*  plaoe  more  nndily  ifa  s 
CO,  is  ptiE^'il  through  Ihe  Ixiiling  solution  to  uculruItaK  I 
K-O-JIba  it  forms,  and  when  llie  solution  is  not  too  eirongfl 
carbonic  anhydride  of  the  atmosphere  will  in  time  dctennliMfl 
wmc  cbange  even  at  the  ordinary  lempcmture.  Th*  • 
of  ffjOf  .l/iijOjIias  a(&f{j  vtvlet  color,  and  the  cbaug^tf 
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iring  lbs  reaction  just  described,  prtsrnt  n  very  striking  phe- 
imenon.  Hence  tlie  lu'uile  polassic  mmigaiiutc,  obtuined  Ifj 
elling  together  Mn  0,  and  A'  0-NO^  'm  commonly  knowD  as 
lamt'IeoD  mineral;  and  tlie  production  oF  ibe  cliaraot eristic 
•ren  rolor,  under  similar  conditions  in  u  blow-jiijn;  bi  ail,  is  llie 
•-t  evidence  of  the  presence  of  inangiinese. 
Potawio  pennanganate,  prepared  as  jibuve,  nuiy  be  rpailily 
ilallized,  and  its  cryslAU  are  i^otnorpbous  with  ibo.'e  ol'  |io- 
lie  [lerchlorute ;  tbat  ia,  Ki  Os=[Jfo J  xu  0,  has  tlie  snrae  form 
I  K-O'ClKh:  From  potas^ic  permangnnate  a  number  of  oilier 
srmatieaiiiUeii  may  be  prepared,  and  also  pcrmnngiiuic  arid,  a 
irk-C(>1ored  volatile  liquid.  Permanganic  add  i^  lornied  wben 
tt:  Boluiioii  of  a  manganese  salt  ia  boiled  with  nitria  acid  and 
Imnbic  diuside,  and  a  viobt  color  developed  iu  tbe  liquid  under 
lew  conditions  is  a  certain  indication  of  tbe  presence  of  man- 
Uiese>  The  permanganales  are  more  stable  than  ibc  manga- 
Mtes  but  etill  they  readily  part  with  a  portion  of  their  oxygen, 
as  powerful  oxidizing  agent'.  A  solution  of  potassic 
ermanganale  is  mucli  used  for  tins  pur^we  in  the  laboratory. 
'or  example,  it  changes  ferrous  into  feiTic  sails. 

10F<-0,=50,  4-  AVO,=[iVfi,]0,  +  ilIfO,^SO,-\-A'i)  = 
[«[f<JtO^[50J,  +  AV=0,=SO,+  2J/n-tV-^0,-)-«//,U+ ^5).  [339] 

Che  flighteat  excess  of  the  permanganate  is  at  once  indicated  by 
be  color  It  imparts  to  tbe  liquid,  and  tbe  reaction  is  the  basis 
of  the  mo*t  valuable  methods  of  volumetric  analysis. 
tolli  fiie  manponatea  and  the  permansanaieg  are  at  unce  de- 
■d  by  all  organic  tissues,  which  they  rapidly  oxidize, 
nd  a  crude  ^odic  permanganate  is  much  u.^ed  as  a  disinfecting 
gent- 
338.  IRON.  Ft  =  56.  —  Usually  bivalent  or  quadrivalent, 
U  rarely  ^xivalent.  A  universally  diffused  element,  and 
le  most  abundant  and  important  of  tbe  useful  metals.  As  an 
icessory  ingredient,  it  enters  into  the  composition  of  abnoet 
rery  substance,  and  it  is  the  chief  metallic  radical  of  a  very 
number  of  important  nunerals. 


Chidtt. 

MAGNETITE 

Isometric 

ft.[i%]«iO. 

MagNesioferrile 

Isomelric 

a-j.CJtj-o. 

FRANKLINITE 

Isometric 

lZnMnliF,,]^0. 

HIiMATITE 

Lf'.l'.o. 

Specolar  Ibon 

Resagonal, 

Red  Hematite 

Massive, 

Clat  Iron  Stoke 

Mftssivi- 

Red  OctiRB 

Maaeiv 

MENACCANITE 

(TT-JijlO, 

Tiianic  Iron 

Hexa 

Limnile 

Massive 

[n^io/B. 

Xanthosiderile 

MuBirf 

0-lF,,y-OfH. 

Goiliite 

Onhorhombic 

OfiF.,2-0,H, 

LISIONITE 

OfiFt^OtH, 

BuowN  Hematite 

MasBiTe, 

Brown  Clay  Iron 

Stone 

Massive, 

Bog  Ore 

Massive, 

Yellow  Ochbe 

Massive. 
Carbonates. 

SIDE  RITE 

Fi-OfCO, 

Spathic  Iron 

Rhombobedral, 

,    Clay  Ikon  Stone 

(of  llic  coal-beds) 

Massive, 

SrH^ROSIDEKITE 

Concreiionaty, 

Mesilile 

Rhomboliedral 

[Mf.F,-\.0,-CO. 

Ankerile 

Rhombobedral 
Sulphida. 

[%,ft].O"0^(C0), 

Troilile 

Massive 

F.S. 

Magnetic  Pyrilca 

Hexagonal 

Ff,S^  or  Fe^l 

Iron  Pyrites 

Isometric 

FeS^ 

Marcasite 

Orthorhombic 

F,S, 

Miapictel 

OTftiwft\;>wft™s 

FK.S.C4^n. 

IROS. 

Sulphaiei. 

Vitriol       Monoclinie  ffr^tW,iSO .  Gff,0, 

its  Moiiocliaic       IIjlF«,Cu]iO^SO .  GJ/^0, 

imbite  Hexagoiml  [/VJiO^[SOJi .  9/^,0, 

Rliomboliednd 

oudiW  Hexagonal       0,;[f.J,IO^[50,], .  7/f,C 

terite  Maasive  0,.[/V,],^0f50, .  Gff.O. 

;e  Fibrous  ©.•"'[■^'■iL'Ow'C-SO,]) .  27 //A 

Monoclinii; 

Isometric  /V.t/Vjj-iiiO.'iutSO,], .  24i/,0tl 

Phosphates  and  Artmiities. 

Iflits  Orlliorhombic[Fe,J/>i,i,/J,iO„i{/'0)„ 

Monoclinie  Fe^W^PO)^ .  8/f,0, 

Onhorbombio    O^^^Fit'jJOt.iiPO), .  3/1,0, 

Unite  EadiaW  Ojl[f<-J,IOoi(PO),.  12//,0, 

diui  Orthorhombic  [/"cjiiOotC^/O), .  4//jO. 

nucosiderite  Isometric    0^[#«J,»liiOu^ui(j!UO),.]2.^0. 

SilieaCet. 
Bie  (iron  olivine) 

Orthorbombic?  Fei'Ot^Si, 

(Yenite)    Ortborhorabic     5s.[ffJ.itO|^ii.Sij? 
lomiw  Maiiaire  0((.[/>,].irO,^i'[n.5i3jlCt 

RTC  ilso  Columbia,  Tanta1it£,  and  Woirrsm  (327)  and 

L  Mtlallurffy  of  Iron.  —  Xative  iron  of  meiforic  origin 
unfWiiaeiiily  found,  but  it  i^  doubtful  wtieiti'T  nritive  iron 
rBitrinl  origin  exists,  altbougb  instances  of'  ii'  occurrence 
been  reported.  The  commercial  value  of  tUe  metal  is  so 
that  only  Ibo^e  ferriferous  minerals  wbich  are  at  the  »im6 
^ch,  abundant,  readilj-  accetuiible,  and  easily  tiinrlted,  can 
liied  as  ores.  The  useful  ores,  which  are  ull  eillier  oz- 
jnilmtcf,  or  CArbonalcs,  nre  (listing uishrd,  in  lh«  list  of  iron 
gtrca  above,  by  a  dificronce  of  type  j  «n&  Ai&  nex&uk 
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of  the  most  imporfant  varieties  of  the  diffi^rent  ores  follow  &« 
numea  of  the  s|)ecies  to  which  ihey  belong.     These  orei  a» 
found  either  in  teins  or  in  l>ed$,  associated  wilh  rocka  «f  lit 
ages  and  of  very  varioua  characters,  anil  ihu  value  of  a  given  it- 
posil  frequently  depends  quite  as  much  on  its  a--Micialioo  wtl^J 
coul  and  lime,  and  ou  its  proximity  to  a  comincmat  crntre^H 
on  ihe  richness  of  the  ore.     Hence  the  great  wealth,  which  ^H 
been  drawn  from  tbo  deposits  of  clay  iron-stone  in  tiie  cohI-Im^H 
of  England,  an  ore  which,  intrinsically,  is  compsrativeljr  foB^^ 

Ait  the  useful  ores  of  iron,  when  not  anhydrous  oxidei,^H 
converted  into  this  condition  by  roasting,  and  thn  oxida  ^H 
easily  reduced  to  ihu  metallic  stale  by  simply  heating  the  ro«^^| 
ore  with  coal.  The  smelting  process,  however,  aL^o  invd^H 
tlie  fusion  of  the  other  mineral  matter  (gangue),  with  which  ^H 
true  ore  is  always  mixed.  This  gangue  will  seldura  (\ue  bf^H 
self,  even  at  tlie  high  temperature  of  a  blast  furnace,  and  3^1 
almost  always  necessary  to  mix  Ihe  ore  with  some^^uz  (um^^l 
limestone),  which  will  unite  with  the  gangiie  aud  form  a  fii^^| 
*lay.  The  same  end  is  sometimes  attained,  or  at  IcaKl  an  ^H 
vaniage  is  gained,  by  mixing  diflercnt  ores.  ^H 

If  the  iron  is  reduced  at  a  comparutively  low  tempenttnrti^H 
in  n  bloomery  forge,  the  metal  fleparntes  from  the  melted  »lii^^| 
a  loosely  cohei-i^ni,  spongy  solid,  the  bloom,  and  Is  8ubseqil^^| 
rendered  compact  by  hammering  and  rolling  while  siitl  t^H 
welding  heal.  If  the  iron  is  reduced  at  a  high  temperatnrt^H 
iu  a  Unit  furnace,  the  metal  unities  with  a  smiill  prnf>mtioa^| 
carbon  and  is  thereby  rendered  fusible.  Bolh  the  fused  O^H 
and  the  melted  slug  then  drop  together  into  the  crucihb  of^H 
furnnce,  and  there  llie  difference  of  density  determines  ik  fCf^H 
fiepamtion  of  the  two  molten  liquids.  The  product  of  ihe^H 
process  is  nearly  a  pure  metal,  and  i6  called  wrouffhl'iron.  ^^M 
product  of  the  second  process  contains  a  variable  nmiNfi^^l 
carbon  (from  2  to  5  per  cent),  and  is  known  as  nut-iron.    ^H 

With  the  outward  a-^pects  of  these  two  varieties  of  iram^H 
one  is  familiar.  Wroughl-iron  is  so  sotl  tliat  it  can  be  rai^H 
worked  with  files  and  other  steel  tools,  It  is  very  tniight^^| 
has  great  tenacity.  It  is  exceedingly  dacliie  and  niRllr8l)I&  J^| 
readily  fuses  t>elbre  a  compound  blon-pipc,  and  id  small  ipH^H 
lies  may  even  be  melted  in  a  wind-furnace.  It  liowever  ntqid^H 
for  its  perfect  fusion,  a  full  while  hoat.    But  at  a  lower  tonl 
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a  this  condition  can  be 
a  fibrous  sti'iicture,  but 
ecluuiicul  I 


It  becomes  soU  &nd  pliable, 
icroHgtit  or  welded  on  an  anvil,     ft  ha^  a 
~  a  IB  in  a  greal  measure  due  \a  the  i 
leceJTea. 

Caat-iron,  on  the  otber  band,  lias  a  grnnular  or  crystalline 
Stnctare.  It  is  much  harder  tlmn  wroughl-iran,  and  propor- 
tionally more  brittle.  It  ia  tberelbre  neitber  malleable  nor  duc- 
&e,  and  cannot  be  wrought  on  the  anvil  like  ibe  Tormer  metal ; 
liat,  as  it  melts  iit  a  niueli  lower  temperature,  it  is  suitable  for 
'  tattings.  Cast-iron  differs  greatly  in  quality,  and  the  two  ex- 
rtrvme  conditions  are  seen  in  the  two  commercial  varieties  known 
»  and  ffray  iron.  White  iron  baa  a  brilliant  whiie 
IpSlTa  »nd  a  lamellar  crystalline  fracture,  is  very  brittle,  and  so  ' 
'^ari  that  it  cnnnot  be  worked  with  sieel  tools.  It  is,  therefore, 
a  Btiitable  for  casting,  but  may  be  used  to  advantage  for  mak- 
Jng  wrought-iron  or  steel.  Gray  iron  has  a  darker  lu-tre  and 
e  granular  fracture.  It  is  much  softev,  and  may  be  filed, 
L<drUled,  or  turned  in  a  lathe.  Althoiifih  le*a  fusible  than  white 
roo,  it  flows  more  freely  when  melted,  and  is  better  adapted 
iling.  It  also  contains,  as  a  nile,  less  carbon,  but  the  dif- 
e  of  qualities  seems  to  depend  more  on  the  condition  of 
Ibo  carbon  than  on  the  amount.  In  while  iron  all  the  carbon 
(  to  be  chemically  combined  with  the  metal,  while  in 
gray  Inn  the  greater  pari  is  disseminated  in  an  uncombined  form 
tbrongh  the  mas.?.'  A  form  of  white  iron,  called  by  the  Ger- 
I*  tpier/eUUm  (mirror  iron),  which  cryBlallizes  in  flat,  bril- 
iant  tables,  and  contains  about  five  per  cent  of  carbon,  has 
Ipprasimalely  ihc  composition  CFe„  and  another  crystalline 
iiui«iy  has  been  described,  which  nearly  corresponds  to  CFe^i 
nit  tbe  existence  of  tbe.<e  compounds  cannot  be  regai-ded  as 
rsTrd.  Spiegeleisen,  moreover,  b  not  a  pure-  fen-o-earbide. 
Hit  always  contains  manganese,  the  amount  varyinc  from  4  to 
12  per  cent.  Indeed,  manganese  is  a  very  common  in^dient 
r  cast-iron,  as  might  be  anticipated,  seeing  that  manganesian 
funerala  are  so  frequently  Ba.«ocialed  with  iron  ores.  Cast-iron 
D  contains  variable  quantities  of  silicon,  salphur.  and  phoa- 
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plionts,  besides  traces  of  other  meta!^  sach  as  alatninum,  b 
ciuin,  and  potassium. 

By  meliing  casi-iron  on  the  hearth  of  a  reverb«raiory  fun 
tlie  carbon  and  the  other  impurities  may  \ie  more  a 
oughly  harm  out,  and  the  rattal  ponverled  inui  w, 
At  ihe  farnu  time's  portion  of  the  irun  ia  usidized,  and  a 
fusible  slag  i^  foruted  by  the  unioD  of  the  oxide  with  llie  ^ 
always  present. 

The  meial  thickeoB  as  it  becomes  decarbonized,  xai  I 
spongy  bloom  tliua  formed  is  easily  eeparalad  from  t4ie  i 
slag,  and  hammered  or  rolled  into  bars,  as  befora  deJi 
The  greater  pan  of  the  wrougbi-iron  ol*  commerce  is  ni 
this  way,  and  ibe  process  ia  cajled  "puddling,"  bncun 
melted  mebd  is  stirred  or  puddled  on  the  lu-urth  of  ll 
nace  in  ard.;r  to  esjioae  tbe  moss  more  efTccluully  lo  lh«  w 
of  the  air.  The  purest  iron,  thus  prepared,  eiill  conta 
■mall  Htnounl  of  carbon,  which  does  not,  however,  impi 
useful  qualities.  The  other  impurities  of  casi-iron,  whi 
wholly  removed,  render  Ihe  wrmighi-iron  friable  or  britlla  i 
in  t«chnicul  language),  and  are  highly  prejudicial.  Su 
makes  the  metal  friable  while  hoi  (red  thori),  while  p 
and  silicon  make  it  brittle  when  cold  {cold  »hor{). 

That  most  valuable  form  of  iron  called  eteel  holdj  on  ii 
mediate  position  between  wrought  and  caat  iron,  and  part^ 
to  a  great  extent,  of  the  valuable  qualities  of  both, 
beat  it  may  be  worked  on  the  anvil,  like  wroiight-iroo^'ai 
a  higher  temperature,  but  still,  within  the  range  o^  * 
nace,  ii  mny  be  melted  and  cost.    If  suddenly  quenched  in  it 
when  red-hot,  it  becomes  as  bard  and  brittle  as  white  c 
and  when  subsequently  heateil  to  a  regalated  teniperaiiin^  ■ 
Itmper  may  be  reduced  lo  any  desired  ixient.     It  may  ll 
lie  made  sofl  and  tough,  or  hard  and  clastic,  at  will,  a 
remarkable  qualiiy  its  numerous  and  important  applicatioo 
the  useful  arn  depi'nd.     Gooil  sieel  cotuains  fi-ooi  0.7  t 
per  cent  of  carbon.  Bnd  it  i*  made  irillier  by  carboniEing  wpo 
iron,  as  in  the  onlinary  cemrnlalion  method,  or, 
semer  procci^s.  by  decarbonizing  casi.jron ;  but  it  is  ppoba 
that  the  quiiliiies  of  steel  depend  fully  as  much  c 
known  causes  as  on  the  presence  of  carbon.    It  ha«  Gveab 
doubled  whether  the  presenee  of  carbon  is  essential :  and  1e 
tie  whole  subject  ia  vevj  rWuts. 
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Metallic  Inm. — The  Sp.  Gr.  of  [he  purest  iron  is  8.1 4, 
bul  CJul-iron  haa  sometimes  a  6(tecifio  gravity  as  low  as  7,  and 
the  AvaMy  of  ilie  different  vurietiea  of  ihe  metal  r&ngcs  between 
tlieae  extremes,  the  average  for  good  bar-iron  being  7.7.  Iron 
u  distinguished  tor  its  great  susceptibility  to  nia^netii'iii.  and  in 
rrspect  it  far  surpasses  both  niekc)  and  cobalt,  the  only 
Other  meials  that  exliibil  this  property  in  any  marked  degree. 
The  BUseeptibility  of  iron  to  ma^etii:  induction  diminifihes  as 
its  hardness  increases,  but  at  the  same  time  its  power  of  retain- 
ing the  virtue  is  enhaneed.    Tbua,  iron  can  only  be  permanently 

ignetized  when  combined  with  carbon,  ss  in  tuetl,  or  with 
oxygen,  as  in  the  magnetic  oxide  or  loadstone,  FtaOt.  or  with 
wlphur,  as  in  magnetic  pyrites,  Fe,S^;  but  it  is  a  Iket  worthy 
•cf  notice,  that  apeigeleben,  specular  iron,  Fe^O^,  and  common 
pyrites,  FtS^  are  almost  indlfierent  lo  the  aciion  of  a  magnet, 

d  the  eatne  is  true  of  most  other  iron  compounds. 

At  a  high  temperature  iron  burns  readily,  and  under  favor^ 
able  conditions  will  sustain  its  own  combustion  (C3).  The 
product  formed  is  Fe^O^.  At  a  red  heat  it  also  decomposes 
water,  yielding  the  same  oxide  as  before,  together  with  hydrogen 
At  the  ordinary  temperature,  however,  polished  iron  re- 
tBins  its  lustre  unimpaired,  both  in  dry  air  and  in  pure  water 
(free  fW)m  air) ;  but  wlieu  exposed  to  both  air  and  moisture, 
the  surface  soon  becoroes  covered  with  ntsL  Moreover,  this 
.■(^Knge  is  not  merely  superfieial.  but  under  favorable  conditions 
procerds  until  the  whole  mass  of  the  metal  is  converted  into  a 
ferric  hydrate,  having  the  composition  of  Limonitc.  The  change 
•eoelerates  as  it  advances,  and  the  rust  first  formed  peems  to 
arrier  of  oxyfren  to  the  rest  of  the  meial.  The  coi^ 
wood  and  other  organic  fibre,  when  in  contact  with 
n>*ty  naiK  ha^  hcen  explained  in  a  Eimilar  way.  It  is  alKO  a 
»  theory  that  a  coaling  of  rust  forms  with  the  metal  u 
combination,  which  actually  decomposes  the  wnier  pres- 

t.  nnd  this  is  thought  to  account  for  the  singular  fact  that  iron- 

«t  Mlways  contains  ammonia. 

Iron  readily  dinmlves  in  dilute  mineral  ncids,  yielding  a  fer- 

lU  salt  And  hydrogen  ga«.     It  also  dissolves  in  aqueous  solu- 

n  of  carbonic  acid  if  free  from  air.     Oncentntted  sulphuric 

U,  even  when  boiled  with  iron,  has  hut  little  action  upon  it. 

krie  add,  on  Ihe  other  hand,  rapidly  dissolves  the  metal  with 
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cvoIuiioD  of  NO.  It  ia  »  Kio^lflF  fact,  however,  iliat  lti«  i 
concent  rated  nitric  acid  {Sp.  Gr.  1.45)  nol  only  docs  nM  at 
iron,  but  so  modifies  its  condition  that  it  maj'  sutMequimilv 
kept  for  weeks  in  acid  of  ihe  ordinary  strength  {Sp,  Gr. 
lasa  iban  1.3^)  without  ibe  sligbleiit  atti^raiion  of  the  pnlisb 
its  surface.  This  game  passive  condition  may  also  be  indi 
in  otiier  ways. 

Iron  enlerfi  into  chemical  rombinaiion  with  almost  all 
ron-metallic  elements,  and  forma  alloys  with  many  of  llie  I 
nls.  Corresponding  to  the  three  degreed  of  quantivn]enc« 
tliree  very  distinct  c1asGe>iof  comiwiinds:  first.  tha/err<mn 
pounds,  wlio^e  radical  i?>  a  singlu  bivalent  atom  of  iron;  eccon 
the  ferrie  CDm|iDunds,  having  a  sexif  uleni  radical  consisiing 
two  quadrivalent  atoms  of  iron  j  and  lastly,  a  few  very  unat 
salts  called  Jerralce,  analogous  to  the  mangaoate?,  in  wld( 
sexivalent  atom  of  iron  is  the  acid  radical.  The 
compound;^,  although  practically  unimportant,  are  inlvrKil 
as  they  indicate  the  close  relationship  between  irou  and  ii 
ganeae ;  but  iron  differs  from  all  the  associated  elemr-nts  ia 
the  two  radicnls  F<f  and  [Ffj]!  form  equally  stable 
and  play  an  equally  important  part  in  the  mineral  kin| 
and  this  double  aspect  of  the  element  is  one  of  its  most  cha 
teristic  and  important  features. 

336.  Ferrous  Compounds.  —  Tlie  crystallized  fcmius  e 
pounds  have,  as  a  rule,  a  liglit  green  color,  and  ferrous  oi 
imparts  tbe  fAtae  color  to  glass  (152).  The  soluble  ten 
salts  have  a  characteristic  styptic  laate.  Tliey  are  isoaior{d 
with  tbe  corresponding  compounds  of  magnesium  and  xinc, 
quite  as  closely  allied  to  Ihera  as  to  those  of  manganese,  col 
and  nickel,  —  the  elements  with  which  iron  is  cla;!««d  io 
scheme  of  this  book.  Thus  in  nature,  ferrous  carbonate  il 
intimxtely  associated  with  the  carbonates  of  mngncalum 
sine  as  with  the  carbonate  of  manganese,  and  the  four  bin 
radicals  replace  each  other  in  almost  every  proportion,  not 
in  the  carbonates,  but  &l«o  in  the  silicates,  and  in  a  Uu^  i 
ber  of  other  minerals.  Id  like  manner,  ferrous  sulpbato  (g 
vitriol),  like  the  eulphnles  of  the  same  metals,  and  also  tliiw 
nickel  and  cobalt,  crystallixea  with  seven  molecules  of  ir 
and  formi  double  salts  with  the  sulphotes  of  Ihe  alkaiiiw  tm 
(313),  (:!-22),  (030).     The  sulphate  is  the  moat  tmiHmasl' 
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Boliiblu  ferrous  salt,-i,  but  nil  ihe  following  ure  iiUo  welJ 


Farmis  Chloriile  FeOI, .  A1I,0, 

Ft-Troiia  Nitrnie  Ft'-Oi{NO^\. .  G7/,0, 

Fi^miug  Sulplmie  Fe-Ot'SO^ .  {7.  4.  a.  or  -211^0). 

Fcrroua  Oxalate  Fe'^Oi<\0^  .  21/^0, 

Ferrous  I'lio-phaie  H^Fe^O^{FO)f. 

iln  K>lutioii9  of  tl<e  ferrous  salts,  when  protected  from  the  air, 
bitlkalmc  hjilmtts  give  n  white  predpiiaie  of  ffrrous  liyiiriite, 

(?^//j.aiiiI  Ihu  nikalint'  carbonalcs  n  ^iIDilar  whim  precipi- 
^whit'h  is  B  hvdro-(.-arboiiiii<r  of  variiible  compesiiiun.     la 

presence,  however,  of  a  liirga  amount  (f  NlltCl,  neither 
invnia  nor  ammonic  carhoniite  give  any  precipiiate,  and  the 
cipilaliuti  by  the  oiber  alkiiMne  reagents  i:«  in  great  measure 
cviiled.      The  alkaline  eulpliide^  nevertheless,  preoipilate 

iron  w  liolly  a»  a  hydrated  lernms  sulphide,  and  so  duea  also 
i  when  the  solution  i^  alkaline,  but  not  when  ihe  slightest 
ess  of  any  ininei'al  ucid  is  present.  Sululions  of  the  ferrous 
E,  when  espiised  to  tlie  air,  absorb  oxygen,  and  the  feri'oua 
nges  into  a  ferric  coingxiunil.  The  same  \i  true  of  the  fer- 
B  precipitates  formed  a."  just  described,  all  of  winch  are  very 
idly  oxidized  as  soon  ba  they  are  exposed  to  tb<.  atmo-phere. 
J  producU  in  any  case  are  determined  by  various  cnadmons, 

the  following  are  some  of  the  most  charaticriBiic  of  the 


(2[/>J!0^(50,),  + 2/7,0-1-^7).  [340] 
iFt^OfSO,  +  C.n,0  -f>  Aq)  +  .V^S  =  [341] 

4Fe-0,'H,  +  ®0 1=  20^[Fes]«,iH,.      [342] 

187.  Frrrie  Compounds.  —  Ferric  oxide,  when  dissolved  ia 
bonuc.  itnpsi'td  to  tlio  glass  a  yellow  or  yellowish-red 
ni  DiQit  of  tlie  fernc  cuinimumU  aflect  the  same  liuli. 
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They  are  iiuiinorplious  wUb  the  corresponding  oompowdl 
alutniniuni,  and  cloaely  ailied  to  ihem  ia  iLeir  cbi^miua]  r 
tiuiis.  The  TolloniDg  are  the  most  impoi-lBul  of  iko  mIi 
normal  salts:  — 

Ferric  Chloride       [F«,]1  f7, .  f,Hp.  also  with  5  or  XiB^O, 
Fwric  Nitrate         [ft,j^fV(A^O,),.  18^,0.  also  with  IStfl 
Ferric  Acetate        [/■(,]:0,i(fii/,0),  +  Aq, 

Ferric  Sulphaie       [i'e,]I0J(5W,),.  9^,0. 
DiammoDic-rcrric  Sulphate 

(A'Z^),.[f^JrtaO,^(50,).  ■  24J50, 
Ferric  Otalale  [/V,]IOJ((7,0,)j„ 

Sodio-ferric  Oxalate     A'a(,[^eJxnO,^(C,Os)fl.  C^O. 

Ferrio  acetate  cannot  bo  crystallized,  and  the  ferric  nltt 
4t  rule,  crystallize  with  difficulty.  All  the  well-marled  i 
cals  of  the  type  [ffj]l  manifest  a  Tcry  strong  tendeDcy  to  f 
basic  compounds  (38)  [51],  and  llie  ftm'c  salts  furnish  a  $1 
ing  ilhialration  of  ilie  general  principle.  Most  of  the  n* 
ferric  salts  are  basic,  and  ilie  pynibols  of  a  number  ofE^ucb  c 
pounds  have  already  been  giTen.  Their  mutual  relations 
bo  beat  understood  if  they  are  studied  in  connection  with 
various  hydraien,  from  which  they  may  be  regarded  ita  derii 
and  a  table  of  the  pos^sible  ferric  liydrales  is  easily  tnade  i 
the  principle  of  (151).  Of  the  compounds  which  are  tbos 
oreticnlly  possible,  a  large  number  are  easily  prepiu^?d,  ai 
Btill  larger  number  are  at  tiroes  formed  when  Ilie 
happen  to  be  favorable  i  but  as  the  compdiinds  become  i 
basic,  ihey  soon  lose  every  trace  of  crystalline  struclurs, 
with  this  all  evidence  of  definite  chemical  constilutioa  <S 
pears.  The  products  are  then  amorphous  or  colloidal  M 
which  present  in  their  composilioD  every  possible 
between  certain  limits.' 

1  Solationa  of  Vdriciiu  l)aiiio  compoands  nre  remlily  obtoineil  •lltiar  ly 
■olvlng  fVeshly  pr«[pilated  ferric  hjclmts  in  a  solution  of  ilmovtaq'r 
mlt,  orb/pnrlinUy  Biwlnwting  tlie  acid  of  tlioull  bjr  the  f  Mitlan  «S 
of  Ml  dknli,  A  golutlon  of  fenic  niimte,  for  examplo,  iiiiy  Hm*  teH| 
tAke up  Kfven  ndditlonn! aloms  of [/'e^.  On BUnirins nich  wiailMM til 
orats  ipantnueonitl}',  the  bula  oompoands  mnj  ft«qu«nt>y  be  obtalnsd  1 
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II  the  more  basic  ^alta  are,  as  a  rule,  insoluble  in  water,  but 

D  teveral  caf^es  ibey  aSi:cl  both  a  soluble  and  an  insoluble  mod- 

1.  Kud  under  certain  conditions  the  first  cbangea  into  the 

aimplj  boiling  the  solution.     The  soluble  condilion  ap- 

1  all  cases  to  be  a  colloidal  modification,  and  by  dialys- 

K'ing  (56)  a  solution  of  basic  ferric  chloride  it  is  po^ible  to 

Immove  almost  all  tbe  acid  radical,  and  obtain  nearly  a  pure 

^-•olaiion  of  ferric  Lydrato.     This  solution  coagulates  on  stand- 

f,  and  the  ferric  hydrate  thus  passes  through  successive  stages 

Ichydi-atioa.     On  boiling  tbe  water,  the  dehydration  proceeds 

il  furlber,  until  at  last  a  hydrate  corresponding  to  Gotbile  is 

med.     So  also  the  voluminous  hydrate,  firat  precipitated  b/ 

agents  from  cold  solutions  of  ferric  salts,  undergoes  a 

nilar  change  uudcr  the  same  conditions.     These  facts  would 

3  infer  that  the  "coagulation"  of  tlie  solutions  of  (he 

utc  ferric  sails  is  caused  by  the  elimination  of  a  certain  quan- 

f  of  water  from  the  molecules  of  the  compound. 

e  ferric  compounds,  although  permanent  in  the  air,  aro 
isiiy  reduced  to  tbe  ferrous  condition  by  the  feeblest  reducing 
■j^ants. 

|([fti](^'.  +  ^l)  +  ^n  =  (^-FeCTa  +  ZnCt^-\-  Aq).  [343] 

%Ft]Cl^'\-H^S-\-Aq)  =  »^{'iFeClt-^2HCl-\-Aq).  [344] 

In  Bolutions  of  ferric  salts,  the  alkaline  hydrates  and  carhnn- 

8  all  give  a  red  precipitate  of  ferric  hydrate,  nhose  constitu- 

■nrics  with  Ihe  conditions  of  the  experiment,  as  indicated 

Thia  precipitaU  it  ituoluble  in  an  excess  of  sodi'e  or 

tic  hylrale.     In  the  same  solutions  polassic  sulpbo^;yanide 

s  a  deep  red  color,  and  polassic  ferro-cyanide  givps  a  deep 

e  prei-Jpilale.     These  reactions  are  very  delicate,  and  enable 

t  the  smallest  amount  of  a  ferric  compound,  even  in 

R  »lnlinn  of  a  ferrous  ealt.     The  ferrous  compound,  undt^r 

e  ume  conditions,  gives  no  color  and  a  white  pn-cipiiate. 

,   Chloridts.   iVCV,  and  [iT^,]CTo.  — By  carefully  heating 

lixeJ  ferrous  chloride  {33G)  out  of  eoniact  with  tbe  air, 

hydrous  compound  can  be  obtained;  but  a  solution  t^ 

i  chloride  cannot  bo  rendered  anhydrous  by-  cvapuration, 

B  the  hydrous  compound  is  dei^mposed  by  hcnt  into  hydro- 

1$  add  and  ferric  oxide.    Anhydrous  ferrous  chloride  c&n 
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also  be  obtained  hj  pnsBing  IH-^I  over  ignited  metaUic 
Aiibj'drous  ferric  chloride  can  be  preimred  in  a  sttniloT 
using  iSl~3l  instead  ol'  WSl.    The  6rst  fields  a  wbite  i 
mule;  the  second,  which  u  the  most  volalile,  is  depowted 
brownish  crystalline  scales,  and  the  Sp,  Gr,  of  in  Tupor  [ 
l>een  determined.     There  are  ttitoride^,  bromides,  and  iodi 
correspond  in  )i  to  the  chlorides,  but  ihey  have  no  gpecial  inleii 

339.  OxiVfc*.  — ftO,  [fe,]i9„  A[/>,]'"iO,.  — -Fan 
oxide  may  be  prepared  by  boiling  in  the  suii-uunding  waUr 
voluminous  white  hydrate  obtained  when  tui  alkuli  ia  addaj 
the  solution  of  a  pure  lerrous  salt,  every  truc«  of  air  beiiogc 
fully  excluded.  If  expo^d  to  the  air,  it  rapidly  aboorbs  I 
gi-a,  and  [i^e^JOj  is  the  final  result  A  black  jiyi-opUoric  p 
der,  obtained  by  igniting  ferrous  oxalate  in  a  close  ve^ael, 
mixture  of  the  same  oxide  with  metallic  iron.  Penic  oxU 
pre[)Hrcd  for  the  arts  by  igniting  grei-n  vitriol,  or  still  h& 
ferric  sulphate.  It  forms,  even  when  most  highly  levi^tej 
very  hard  powder,  much  us«d  for  polishing  glass  and 
surfaces  (Coleothar,  Crocus  Murtis,  Rouge).  It  ii  alto  used 
A  red  paint.  Ferrous-ferric  oxide  is  formed  when  cither  oFl 
other  oxides  is  intensely  heated  in  the  air,  and  must,  ibereGi 
be  regarded  as  the  most  stable  of  this  cla^s  of  compoundB. 
is  diatingniihed  by  its  susceptibility  to  magnetifin.  and  Ua  ft 
Inlline  form  (74),  which  connects  it  with  Spinel  (352)  i 
other  allied  i^omorphous  cnmponiid*.  Besides  the  aiM>Te,4 
or  more  intermediate  oxides  have  been  distinguished,  bat  tb 
are  probably  mixtures  of  the  oxides  already  named.  As 
been  already  stated,  both  the  anhydrous  and  the  hydrous  ndi 
ore  nbiindnnt  nntive  minerals,  and  important  ore?. 

340.  SufpAitiet.  —  The  fusible  product  obtained  by  m^ 
together  iron  and  sulphur,  and  so  much  used  in  the  lalmralil 
ftp  making  H,S,  is  esseniially  ferrous  sulphide.  FeS,  nltboa 
its  composition  is  not  ahsolulely  constant.     The  samL-  <iom( 
may  be  formed  by  mixing  flowem  of  sulphur  and  iroti-l 
with  water,  and,  since  the  resulting  compound  form"  n 
ma£^,  this  mixture  is  useful  under  et-rtain  conditions  at  ■ 
menl.     Ferric  disulphide,  FeSi  (Iron  Pyrites),  Is  by  ftr 
most  abundant  of  the  native  metatlie  sulphides     It  occn 
almost  all  mineral  veinx,  and  is  known  to  the  minere  aa  JWm 
It  ia  readily  distinguished  by  lis  yi.'ltow  color  and  great  kl 
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nesd.  Tbe  more  impact  varieties  are  very  resisiing  minerals, 
'but  those  or  a  looser  texture  rapidly  crumUe  when  i.'\poseil  lo 
tli«  aliDo^phere,  and  lliis  is  especially  true  of  the  onhorlioroliic 
'■Variely  allied  MarcagUe.  Tlie  crumbling  of  many  rocks  ia  aleo 
iCKiticil  by  tlie  oxiduliun  of  ilic  pyrites  whiuli  lliey  contain.  Al- 
ibouf^h  useless  as  an  ore  of  iron,  common  pyrites  is  exceedingly 
Taltiable  as  a  source  of  sulphur,  anil  fur  lliu  maiiufaciure  oTsiil' 
a  acid.  The  magnetic  sulpliide  FfjS^  has  already  been 
-mentioued,  and  iliere  is  aUo  a  sulphide,  Fe^S^,  corresponding  to 
tile  magnetic  oxide,  and  another,  Fe^S^  coi'responding  to  ferric 
sxidi-.  Moreover,  sulphides  of  ilie  composition  Fe^S  and  Fe^S 
>fcav«  been  formed,  but  it  is  doubtful  wliether  they  are  all  deli- 
nlie  compouniljj.  The  black  precipitates,  obtained  when  an 
■llutine  sulphide  id  added  lo  (he  nolutions  of  ferrous  and  ferric 
■diB,  are  either  sulpho-byd rates  (241)  or  molecular  compounds 
'af  tlie  sulphide  and  water.  They  are  both  very  unstable  prod- 
ttcts.  and  rapidly  oxidize  when  exposed  lo  ihe  air. 

841.  Ferrates.  —  Pntassic  ferrate,  K^^OiFeO^  may  be  pre- 
*|l»red  either  by  fusing  ferric  oxide  with  nitre  or  by  passing 
f&lorine  gas  through  a  very  strong  solution  of  polassic  hydrate, 
)]n  wbScb  ferric  oxide  is  suspended.  Both  the  fused  mass  of  the  . 
.fint  reaction,  and  the  black  powder  depogited  from  the  alkaline 
■ololion  in  the  t^cond,  yield  with  water  a  beautiful  violet-col- 

I  solution  of  potassic  ferrate.     This  compound  is  very  un- 
tsble,  Hnd  ha^  merely  a  theoretical  interest.     Ferrates  of  the 
iiOtHliDS  earths  are  also  known ;  but  neither  ferric  acid  nor  any 
inponnds  correBpondirig  to  the  permanganates  have  as  yet 

1  diaccvered. 


Qfuitiont  and  Problemt.       , 
Mangaiae. 
1.  By  what  simple  blow-pipe  te!>t  may  tbe  pretence  of  manganese 
ft  mineral  be  reci^nized  I     How  fur  is  the  color  of  the  mangBnese 
ineslK  charactcrialic  ? 

X  Compare  the  miuiganoua  with  the  niccoloua  and  rohnltoos  salti, 
id  show  to  whnt  extent  thi'y  resvnibie  cnch  otiier,  na  well  us  indi- 
te the  points  of  ilifiercm^e. 
1.  Compare  the  ammouio-ialis  of  tbe  shuio  ihrvu  i:Wiqi;U&,  xoA 
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Heb  Ihe  cause  oftlie  iJitTorence  of  the  p(r<?cU  whicli  t 

air  pnxlucus  wbvn  solutions  of  these  wJts  ara  exposed  to  its  u 

i.  *  Beprewnt  by  graphic  tymboU  the  conalitution  both  of  i 
0U9  oii'l  mnngnnic  alum. 

6.  Write  the  reaction  of  potassic  hj'draleon  a  Bolution  oft 
oua  chloriilo,  and  tlie  further  reaction  when  the  resulting  prrcipii 
i*  expo!e<l  to  the  aluioepheriu  air.  Assume  that  the  fiukl  pn>diii 
manganic  lij'clrutc. 

6,  Write  the  reaclJOD  of  hydroHjisodic  phosphate  anil  ainni< 
liyilrnte  on  a  solution  of  monganous  cblorida.  and  aleo  indicate 
further  (>hange  which  takes  place  on  igniting  the  resulting  praclpil 

T.  Uake  a  list  of  the  oxides  of  raanfianeae,  and  show  bow  tti  I 
coirecpond  to  the  oxides  of  nickel  and  cubult  on  the  one  siile, 
to  those  of  iron  on  the  other.  Make  also  n  limilar  coniportton  ot 
diSerent  hydrates.  Compare  also  the  diflerent  oxides  anii  byili 
as  regards  tbeir  relative  stability. 

8.  Of  the  metals  thus  far  studied,  vhicb  ai^  precipitated  (hMU. 
solutions,  and  irliicb  only  from  alkaline  solutions,  by  H^St 

9.  By  nhat  solvents  may  the  sulphides  of  manganese  iiEUI 
cobalt,  when  precipitated  together,  be  separated  ? 

10.  In  what  other  way  may  manganese,  when  in  iolntJoa,  be 
ftrnttd  from  nickel  and  cobalt? 

11.  To  what  relationship  does  the  crystalline  form  of  the  M 
carbonates  of  mongaueso  point  ? 

1 3.  By  what  means  may  manganese  be  eeparaled  from  sine  m 
both  are  present  in  the  eame  solution  as  acetates  i*  If  they  m 
the  condition  of  chlorides,  how  may  tbey  be  readily  canveiUd  ' 
acetates  V  llow  for  may  the  same  methods  be  used  to  aeparata  i 
ganese  from  the  metallic  radicals  previously  studied? 

13.  Write  the  reaction  of  the  atmospheric  oxygen  on  a  sololiO 
ammonio-manganous  chloride. 

U.  Write  tl)e  reaction  of  chlorine  gas  on  manganous  carbo 
suspended  in  water. 

15.  Represent  by  graphic  symbols  the  constitution  of  Ppvln 
Braunitij,  and  Uausmannite,  and  endeavor  lo  barmoniie  Um  cnr 
lographie  relations  stated  above.  Take  also  into 
reUtionsofJIfnO,  described  in  (23G). 

lOr  Represent  by  graphic  symbols  the  constitut 
and  Gi>lhite. 

17.  t7Hte  the  rcac-tion  of  solphuric  nnd  site  of  hy<ln>clilarie 
on  each  of  the  tlirco  oxides,  MnO^  Mn.O^  oud  Ma.O.. 
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|8.  Wben  r  mixtare  oTilfxO,  ami  ox.tlic  acid  ie  heated  with  di- 
e  sulphuric  Bcid,  ihe  proJucts  are  mangarous  nulphale  water  and 
■bonic  aiih}'ilridu  gas.  Write  the  reaction,  and  calcalate'  how 
ich  COj  would  be  fomiod  for  every  gramme  of -l/nO,  taken. 
19.  Can  you  bs«e  on  tbe  reaclion  juet  written  a  methoil  of  deter- 
aing  tlie  parity  of  tbe  commereial  "  black  oxide  of  mangancee," 

hich  IB  frequently  a  mixture  of  the  difi'ereiit  native  oxides,  and  is 

metimes  adulterated  with  sand. 

SO.   A.vuming  that  one  gramme  of  ■  KARipk'  of  the  commercial 

lide  sets  free,  aa  above,  0.li54  gramme  of  CO,,  how  much  bleaching 

Its  could  be  manufactured  with  l,(il)0  kilos,  of  tbe  oxide,  luiuming 

Kl  the  eyiobol  of  the  bleachiog  aalt.-i  is  (Ca-f>)'C/,? 

91.   Write  the  reaction  of  MnO,  on  llCt -\- At/,  Hasumlng  that 

!nC\  ia  firat  formed  and  BubseiiuenUy  decomposed  by  the  beat 

Djiloyed. 

3!.   Represent  by  a  graphic  symbol  the  constitution  of  manganio 

td  m&nganoiui  alum.     (332)  and  (3ii2). 

53.  State  the  distinction  between  tbe  two  classes  of  maogania 
inilMunils,  and  illustrate  by  representing  the  constitution  of  3/n,0, 
«I  as  a  normal  sesquioxide,  and  secondly  as  a  molecular  compouod 
'manganous  oxide  and  manganic  dioxide. 

54.  Compare  the  manganic  compounds  with  the  corresponding 
impouudB  of  nickel  and  eobalL  Consider  in  this  conoectioa  the 
lalive  stability  of  the  substances  compared. 

55.  Bi-present  the  constitution  of  potassiu  mangnnate  by  a  graphia 
nbol,  nnd  compare  tbls  with  the  graphic  symbol  of  potassic  sulphate. 
26.  How  far  does  tbe  isomorphisiu  of  the  sulphates  with  the  man- 

tnatcs  indicat«  the  qunnti valence  of  the  metallie  radical  in  these 

anponnrlt?    What  should  you  infer  from  tbo  great  difference  in 

e  stability  of  the  two  classes  of  salts  in  regard  to  the  sexivalent 

adilian  of  msnganese  ? 

ST.    Analyxo  reaction  [337].  and  show  that  it  tnms  on  a  change 

qtuotivalence  in  the  manganese  atoms. 

28.   Is  it  necetsary  to  assume  a  similar  change  of  quanti valence  io 

action  [»38]  ? 

39.   Represent  the  constitution  of  potaraic  permanganate  by  ft 

liphic  symbol,  both  on  the  asBumption  that  the  atoms  are  octivsi- 

nt  and  also  asjumlng  that  they  are  still  sexivalent.     Can  you  give 

ly  reasons  why  one  symbol  should  be  more  probable  thi.n  the 

bill'?     Does  not  the  fact  that  the  permanganates  ore  mire  atabls 

M)  tli«  marganates  have  a  bearing  on  the  question?     'low  can 

>a  ivL-oiicilu  the  isomorphism  of  the  permanganates  and  tbft  ^Bt- 
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cblomtea,   mangniK'se   being    Bn   arliiil    and    clitorioe  «  |icri>ad 
tleraent  ? 

30.  WriU  the  reaction  when  a  solution  of  mauganoiis  cli1oRd«  a 
boiled  with  free  nitric  auid  and  plumbic  dioxide. 

31.  Uow  conld  reaolion  [33D]  b«  aeed  to  dGlemiine  tbe  unonol 
of  iron  iu  a  given  solution '/ 

52.  ^Vhat  do  you  regard  as  the  chief  choracleristic  of  nii(n);aDW 
B3  loiiipared  with  the  allied  metallic  rndicakV  and  why  does  thcnnil; 
of  its  compounds  have  a  pKculiarly  important  bearing  on  cluuiiioil 
theories  V 

53.  Does  not  the  study  of  the  manganeM  compounds  indiute  t 
more  rational  use  of  the  terminations  oui,  k,  ite,  and  ate  la  (he  it> 
menclature  of  chemistry? 

54.  Ho*  may  the  principles  of  the  nomenclature  stated  in  Cb«^ 
ter  X.  be  extendi'd  so  as  to  expret's  accurately  the  constitution  of  llw 
more  complex  chemical  compounds  /  Uive  rules  lulled  o 
experience,  and  illustrate  them  by  examples  Bear  ii 
ever,  that,  according  to  the  best  usage,  the  Greek  c 
ployed,  raiiier  than  the  Latin,  as  prefixes. 

35.  Compare  the  native  compound!  of  manganese  & 
point  out  the  analo^es  as  well  as  the  difTerences  which  yon  ahm 

3E.   Compare  in  the  same  way  the  native  compounds  of  n' 
pobalt  with  those  of  iron,  paying  special  attention  to  the  aalpti 
and  arsenides. 

3'.   Compare  the  native  compoonds  of  magnesium  and  ziaa  ^ 
those  of  iron. 

33.  The  mineral  Ksanite  indicates  what  relation  betw««n  i 
and  copper  V 

39.   Why  is  not  Pyrit«s  included  among  the  ores  of  iron  ? 
some  of  the  circumstances  on  whicli  the  value  of  a  bed  of  ir 

*0.   The  Sp.  Or.  of  Pyrites  is  S,2,  that  of  Mar^asite.  4.7.  an 
of  Mispickcl,  6.2.    Compare  the  atomic  volumes  of  these  minen 

41.  Make  a,  table  giving  the  symbols  of  the  minendB  is 
with  Iron  Pyrites  and  Marcasiie  respectively. 

43.   Explain  the  theory  of  the  "  Blast  Furnace,"'  and  * 
the  formation  of  slags  of  the  right  fusibility  is  essential  to  tb 

1  Soo  Miller's  Cliemintrj  or  Percy's  Mutijlurgy- 
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'  tto  process,  und  tlint  the  pro|tt)rlion  of  (luit  must  be  diffi-renlly 

IjuiWd  nouording  at  cold  or  hot  blai^t  k  u»i.'<I. 

i3.   Th«  ilag  fonneJ  bolh  in  the  bloomer)'  forge'  and  in  the  puil- 

dling  process'  is  a  vrry  fiwible/crrotu  silii'ale,  having  approKiinalrly 

tfie  cocnposltion  Ft^O^Sl.     Exptoiii  ibu  theory  uf  these  prooesaes, 

'  «hair  tliat  ihe  great  fusibility  of  the  slaj;  ia  ati  eaBuiitlal  uondiiion 

of  the  prndiieiionofwrought-iron.     Oould  the  loss  of  iron  in  the  slog 

fee  svoidcil '/    How  do  you  acuount  for  the  low  c^uantivultfnce  of  iron 

this  proluct '/  To  wliM  mlDerul  doea  it  carrc'?|)ond  lu  vumpoaiiion  ? 

44.  Eiplnin  thu  theory  ofihe  Bcseeuicr  proceu'  fur  re  lining  cast- 
iDHking  st«el,  and  couiparti  it  with  the  puddling  proueos, 
r  especially  the  ullvcts  of  the  very  high  tcmperatuni  attuiied 

BesKOit!!''*  converter. 

45.  Compare  together  the  qualities  of  iron  in  its  three  conditionB 
-Af  oul-iton,  wrought- iron,  and  xteel. 

46.  Stale  the  dilfurences  between  the  aoveral  varieties  of  cast-iron, 
»y,  mottled,  while,  and  spiegeleisen. 

4T.   When  white  iron  is  dissolved  in  aeid,  all  the  carbon  ia  con- 
,ile  hydrtwarbon  oil,  whilu  under  einiilar  circum- 
gray  iron  leaves  a  lar)>e  residue  of  graphite.     What  conulu- 
do  you  draw  IVoni  these  facts  ? 

48.  Write  the  reaction  when  iron  bums. 

49.  Write  the  reaction  when  steam  is  passed  over  red-hot  iron. 
60.   Write  the  reaction  when  iron  nirts,  assuminB,  lei.  That  the 

etal  draws  the  oxygen  wholly  from  the  air;  3d.  That  water  is  de- 
impowd  and  aniiuonia  formed. 

fil.  Wriw  the  reaction  of  an  ai^iieous  folntion  of  carbonic  acid  on 
iRm,  aaiuming  that  no  air  is  present.  What  is  the  nature  of  the  soln- 
'mtUos  obtained  (379)? 

i3.  Write  the  reaction  of  dilute  sulphuric  acid  on  Iron,  and  in- 
jure how  niuch  the  acid  sliould  be  diluted  in  order  to  bbtuin  tlie  best 
Tact.  In  preparing;  ferrous  sulphate,  why  is  it  best  to  use  ferrous 
llphide  iiiBiead  of  metalliu  iron  ? 

53.  Write  the  rational  symbol  of  dlpotgssic-ferrous  sulphate,  and 
inipara  its  conatimlion  with  that  of  the  ii^uarphoiu  ferrous  sulphate 
l«). 

Si.  Compare  the  sulphates  of  magncfiiim,  zinc,  manganese,  and 
m,  as  ^'g^riU  the  varying  (juantltiea  of  water  of  cryst«Uiza,Uon 
illt  which  the  several  suits  may  combine. 

'  So«  Mill»f's  Chcmlttry  cr  Pcniy's  MotaUurEJ- 


lances  gi 
Ion  do  yi 
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69.  tare  fnroiu  nitrate  may  be  obtained  by  diiaolving  Cema 
Rulpbide  in  dilute  nitric  arid.     Write  ibc  reaction. 

ne.  When  metallic  iron  ii  diasolved  in  dilate  nitric  acid,  Itie  jiroi' 
DCt«  are  ferrous  nitrate,  ammonic  nitrate,  and  water.  Write  tbent- 
action  and  compare  it  witb  the  last. 

57.  Write  tLe  reaction  of  nitric  acid  (coirnnoii  slrungtb)  on  iroo, 
assumitig  that  ihu  products  are  ferric  uitrale  uiiJ  uitrii'  oMi- 

5fi.  Point  out  the  ferrous  and  ftrric  coraponnJs  Btnnng  the  (jmbok 
on  [inges  378  and  379,  and  dctennine  in  eacli  v^e  Ibe  ratio  vbicb 
tlie  i]uanti valence  of  the  acid  radical  beara  to  tbaL  of  tbe  banc  nd'i- 
cul«,  bolb  It^  and  [fij|. 

59.  Ferrous  pbonpbate  is  formed  by  precipitation  on  adding  cm»- 
moil  sodic  phosphate  to  the  solution  of  a  fcmnu  salt.     Write  ibe 

60.  Ferroii a  oxalate  h  obtained  on  adding  ammonic  oxalate  10  a 
solution  of  fcn'oiu  aulpliaie.     Write  the  reaction. 

61.  Write  the  reaction  which  tokei  place  when  aodic  hydrate  ii 
added  to  a  cold  Bolution  of  ferrous  sulphate,  the  air  being  wholly  et- 
eluded.  What  further  change  takes  place  if  the  liquid  is  boUisl  ta 
which  the  precipital*  is  suspended  V 

62.  Write  the  reaction  of  amnionic  Rulphide  on  a  eolation  of  ter- 
rous  sulphate,  aaeuiaing  that  the  precipitate  fixes  two  molecuiiu  of 
water. 

63.  Write  the  reaction  of  mdiccarbonnle  on  a  solution  of  ftrric 
sulphate,  assuming  that  the  constitution  of  the  product  is  atialc^ns 
to  that  formed  when  the  sauie  reagent  is  added  to  a  solution  of  mi^ 

64.  Write  the  reaction  ofeodic  carbonate  on  a  solution  of  ftinoBi 
chloride,  first,  wbcn  the  solution  is  cold,  secondly,  when  it  is  bdUi^ 

S5.  Ferric  hydrate  diiiiolveB  in  a  solution  of  acid  potnssic  ox^aU. 
forminfE  puta'eiu-fvrric  oxalate.  Write  the  reaction.  What  ]>nictiad 
application  may  be  made  of  it? 

(ifl.   Normal  ferric  oxalate  is  precipitated  when  a  sliulil  •  i   .  •  •:' 
any  ferric  salt  is  mixed  with  a  solution  of  amnionic  oxaliiti 
the  reaction.     The  precipitated  ferric  oxalate  n-ndily  ili,--i 
■olution  of  oxalic  acid.    What  compound  is  probably  fomv  <  i       ''< 
this  solution  is  exposed  to  the  sun, /Krrous  oxalate  is  precipilj 
COj  is  evolved.     Write  the  reaction. 

87.  A  solution  of  ferrous  carbonate  in  (CO, -4- .4 7)  depowH,* 
expngi'd  to  the  air,  a  hyilrate  having  the  composition  of  Lin 
Write  the  reaction.    Under  what  circumatant^ea  might  foa  • 
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•olution  of  ftiTOin  carLonalo  woulil  be  fonnei]  in  nature,  re- 
^mbering  that  tUe  soil  tonlaine  more  or  Iiijs  ferric  bj-ilratc  ?  Under 
drcuiiistancf  s  would  Siderile  be  deposilcd  from  suvh  cbalybeate 

»ler»  (2(9)  -     Can  jou  Ibrin  any  theory  which  aceounta  for  the 

irmation  of  Ivds  ol'  Ijiderite  (clay  iroa-Btune)  in  connecuou  with  llio 

Mtl  nil' an  urea '/ 
88,   Mdltc  a  table  of  the  pomible  ferric  hydrates,  and  point  out  Ibo 

lUtions  of  tbu  native  hydratta  in  your  schnme. 
69.   By  meani  of  the  table  made  as  just  directed,  show  in  wlial  r«- 
th«  ditfercnt  naUve  sulphates,  phospUales,  and  arseniates  stand 
the  hydnitis. 

TO.  Miike  a  table  illustrating  how  many  nitrattts,  sulphates,  or 
iflsphates  may  be  funuuti  corrvspondiug  lo.8ny  one  of  the  possiblo 

fdmlea. 
7t.   Jleprcsent  hy  graphic  nymbols  the  constitution  of  the  baloo 

iljriiaie  0;iFt^,-U,'SO^ 

It.  When  to  the  solution  of  a,  ferric  salt  an  alkali  is  added  until 
Ic^UB  to  occaiion  a  permanent  precipitate,  and  the  solution  is 

«Q  raised  to  the  boiUng  point,  the  whole  or  the  greater  part  of  the 

M  is  precipitated  as  an  insoluble  baiic  salt.    How  do  you  explain 

IS.  Starting  with  a  molecule  of  a  ferric  salt,  thow-what  pmducti 
ould  resnlt  by  the  aRsimilation  of  successive  nioli-culrs  of  fi-'rrio 
I'drate.  Again,  starling  with  one  or  more  of  the  romplfX  niole- 
llet  thus  obtained,  and  eliminating  nil  the  pomible  iimlc' ules  of 
■,  show  what  must  be  the  conttitution  of  the  basic  salti  which 
~  then  be  formed. 

It.  Have  you  observed  that  the  solubility  of  salts  in  water  hai 
ly  connection  with  the  nunibfr  of  atoms  of  typical  hydrogen  they 
ntoln  V     Cite  i-xamples  in  fdvor  of  this  theory. 

76.  (JIte  different  cases  in  which  water  is  eliminated  from  a  mole- 
ile  on  boiUng  tho  liquid  in  which  the  compound  is  dissolved  or 


T6.  When  anhydroos  ferrous  sulphate  is  heated  to  redness,  as  in 
«proi-ewof  making  Nordhausensulphurie  acid  (?19),  it  iaresoWed 
|0  Arric  oxide  and  into  sulphurous  and  sulphuric  anhydridet. 
'rit«  Uic  re-«rion. 

TT.  The  Nooihausen  aci'l  is  now  more  frequcutly  made  hy  distil- 
ig  anhyilrouB /erpio  sulphnte.  Write  the  reai'tion.  and  show  how 
endphaie  ia*y  be  regenerated  and  the  same  oxide  used  over  and 
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QUKSTIOSS  ASO  PROBLEMS. 


7R.  How  could  tba  reitctionB  [3J3]  and  [S3D]  be  n»i)  to  AOtf 
miae  the  relative  amounis  of  Uie  two  Iron  mliciils  in  a  given  roitHnl, 
assuming  tbat  it  could  be  brought  into  solution  without  changing  lb 
atomic  tKindition  of  the  metAtV 

79.  Baric  carbonate  prwipitates  ail  the  Iron  from  ferric,  hat  Ddt 
any  of  the  metal  from  ferrous  solutions.  Moreover,  ferroii*  hjijnl* 
precipitates  ferric  hydraM  from  the  solutions  of  ferric  aalu.  Wiin 
these  reactioDs,  and  discuss  the  dilTureol  relations  of  ilie  two  trao  nd- 
iuala  to  which  they  point.   ' 

eO.  By  what  characteristic  reactions  may  the  atomic  conditioo  </ 
iron,  when  in  solution,  be  easily  determined  ? 

81.  Cnnone  eonilitioD  oflrouboBaid  to  be  more  stable  aEuo/v^t 
tli^n  the  other  ? 

82.  What  two  wholly  distinct  relationship  does  iron  tCBiitfcst? 
Trace  the  tinea  of  counection  in  ench  t^ase.  I'oiut  out  also  UtC  spe- 
cific characters  by  which  iron  is  reluteil  to  each  member  of  the  tiro 
groups  of  allied  elements. 

88.  By  what  character  are  the  elements  classed  with  aluminum 
chiefly  marked? 

84.  Compare  the  reaction  or^BCl  +  Aq)  on  Ni,0,  Co,0,.  Mn,0, 
Fe,0,,  and  show  that  the  diflerences  depend  on  tbe  relative  uablli^ 
of  the  sevend  hexad  radicals. 

85.  In  what  way  may  magnesium,  linc,  nickel,  cobalt,  and  mi» 
ganese  be  separated  from  aluminum,  chromium,  And  iron  1' 

M.   Is  there  any  reason  for  believing  that  in  crysialliied  feme 
chloride  the  water  forms  a  part  of  tbe  salt  molecule  ?     WHt«  lit 
n  which  takes  place  when  the  salt  is  healed. 


on  the  o 

88.  Wrire  the  reactions  of  jSigi  and  of  (31-®!  on  ignited  mplilKe 
iron.  Why  should  a  ferrous  compound  be  formed  in  the  firMCM 
when  a  ferric  compound  in  foroied  in  the  second  ? 

89.  When  itnO,  is  melteil  int«  plass  colored  (tneen  by  ffrroui  oi 
ide,  the  color  is  either  wholly  removed,  or,  when  originally  tfn'  deq^i 
is  changed  to  yellow.  How  do  you  explain  ibis  r  ' 
tbe  other  familiar  blow-pipe  reactions  of  funic  oxide  wii^  a  liocu 
bead. 

90-  Ferric  oxide,  obtained  by  drying  tbe  hydrate  at  a  ttiupcralo* 
not  exceeding  320°,  dissolves  easily  in  acids ;  but  if  bvaTtsl  ^ 
red  beat,  it  suddenly  glows,  becomes  denser,  and  after  thi*  diM 
in  acids  with  diifiuulty.    Are  you  acijuaintcd  with  similar  fi 
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regftrd  to  an/  ntlif'r  mctnllic  oxi Jos  ?  It  U  abserve'l  thnt  the  IgniteJ 
paiit«  dinolvcs  witliout  Jillkulty  in  {IICl  4-  M^  wlien  tlie  action  is 
juded  bjr  ferrous  L-bloriJe,  xinu,  stiuinous  vblohUi:,  or  aooiu  otbdr  re- 
ducing a^ni.     How  <lu  you  expUin  ihe  reaction  ?       • 

yi.  Wrilu  the  reiciiion  vhen  I'eS,  is  burnt  in  a  currcni  of  sir,  na- 
jaitig  tbat  the  products  are  t't^O^  and  SO^,  and  cnii^tilnre  how 
uuh  sulpburiu  acid,  Sp.  Gr.  1.6U1,  una  be  miule  I'rom  1,UU0  kilos. 

92.  In  one  process  of  purifying  coal  g»a,  the  l{,S  a  absorbed  by 
t  ferric  oxide,  and  ibe  t^ulpbide  thus  tijrin«d  is  Buli^ijiiently 
■posed  to  the  air,  when  tbe  oxidu  is  "  regennrated."     E.iplulu  ihu 

83,  Pmtea  appoan  to  lie  fonned  in  nature  by  thu  deoxiJiition  of 

«al<ne  suipholc,  by  mi^att*  of  or^janic  matter  in  prvsunceol'ubalybeatfl 

iraturs,  and  crvHtab  have  beuii  lununl  arliQcJidly  on  iwlgs,  in  aolu- 

~   «  of  ferroDj  Eulphfttii.    Explain  the  reaction. 

B4.  When  SO,  \»  passed  through  an  allcaline  wlution  of  poiasnc 

ntle,  ferric  oxide  a  precipitated,  while  poiassiu  Bulphnte  is  forraed 

I  the  solution.     Write  the  reaction,  and  »ho«  tbat  it  may  be  used 

t  detenuine  the  constitution  of  the  ferrates. 

8Si  Tbe  slag  of  a  blast-furnace  is  ctfcnTiAlly  a  double  silicate  of 

minum  and  cnlcium,  in  which  the  tUomic  ritlio^  of  the  two  basio 

iicol^  Ca>  and  [■I',]],  is  one  to  two.     In  the  less  fusible  slags  tha 

d  qnan^vatence  of  all  the  basic  radicak  is  equal  to  tbat  of  the  sil- 

Con,  while  in  tbe  most  fusible  slogs  it  is  only  one  half  of  that  amount. 

"Write  the  symbols  of  tliese  silicates,  assuming  (as  is  usually  the  cue) 

tt  the  calcium  is  partially  replaced  by  magnesium  and  iron. 

nilio  or  B  componncl  i>  meant  Ibo  ratio  between  tha  total 


Divmon  XH. 

842.  CHliOMIUM.  O  =  53.2.  —  Sometimes,  altb 
rarely,  bivalent.  Usually  either  quadrivHlent  i 
Many  of  the  compounds  of  this  elt^meiit  have  a  brillimit  a 
and  are  used  as  paints,  and  the  name  is  derived  from  ^ 
(color).     The  only  Jmportunt  native  compounds  a 

Ciiromite  (Chrome  Iron)     Isoraeiric       Fc,[CV,]»ibO^ 
Crocoiie  Monoolinic    P&'O^'C^Of 

The  first  is  the  ore  from  which  all  the  chrome  pigmcou  a 
the  arts  are  indirectly  prepared.  It  has  an  iron-block  c 
and  has  been  found  in  abundance  at  a  few  locilitjes 
with  terpentine.  The  second,  although  a  very  rur«  n 
well  known  on  aeiwunt  of  its  brilliant  red  color,  and  in  1! 
element  chromium  was  first  discovered  (by  Vauquelin 

343.    Metallic  Chromium  may  be  prepared  by  i«<ludngQ 
with  otrbon  at  a  very  high  lemperoture,  and  Gliil  t 
by  reducing  CV,  Cl^  with  xinc,  magnesium,  or  the  alkaline  n 
On  account  of  its  very  gri-al  infusibility,  it  lia::<  m 
toined  in  com[tact  mas^s,  and  \ta  qualities  are  therefore  ii 
feetly  known.     The  whitish -gray  |iorous  mass,  formed  <i 
oxide  is  reduced  by  carbon,  luu  a  Sp.  Gr.  of  5.9.     It 
cast-iron,  a  combination  of  the  mctul  ivith  carbon,  and  catu 
of  •fiaing,  which  are  as  burd  aa  corundum.     The  ( 
powder,  oblAiuL-d  by  reducing  the  chloiide  with  *inc,  bu  r 
Gr.  of  G.81,  and  ia  undoubU'dly  n  purer  condition  of  llie  n 
AVhen  in  fine  powder,  chromium  lakes  Hre  below  mdnvu; 
in  its  more  compact  forms  it  resists  oxidizing  agents  % 
aluminnm,  and  acts  towards  ibe  different  mineral  acidi  Ei 
Bimilar  way, 

S44.  C/iromoiis  Compouuili.  —  This  class  includes  nil  t 
compounds  of  chromium  in  which  the  element  is  biraleol; 
since  its  atoms  in  this  condition  have  still  four  etraog  a 
unsalii-fied,  the  compounds  of  this  order  are  all  very  uiu 
Tlie  most  important  ia  CrClf,  which  is  obtained  by  I 
CtfCls  to  redness  in  a  current  of  dry  hydrogen.  TIm  1 
l»wder  thus  formed  gives  a  blue  solutwn  with  water.  H 
tiowever,  rapidly  absorbs  oxygen,  and  bucomes  grefcn  t 
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poieil  to  the  air.  Chromoua  lijJmte,  wbich  folia  us  a  dark  brown 
,nfieci|iiuie  on  aUdinj;  caustic  [jolueiii  to  ihe  biue  solution,  evaa 
liecompama  water  wiih  evoliition  of  IiyJrogin.  The  inoBt  staUo 
of  iJio  chroinotts  snlta  is  A,. O* O^^CSOJ, .  6//,0,  which  forms 
Ikoutifal  blue  cr;rstBl«  Uuuior|ilioua  wiili  tlie  corruf  {ion ding  fer- 
>iniB  ttlL 

Si5.  Chromic  Compounds.  —  In  these  compounds  the  ele- 
-nt  is  qiiaiirivnlpnl,  bui  they  all  contain  the  st^xivalcnt  radical 
OJ.  The  commeniittl  chromic  oxide  ia  a  brilliant  gfcpn  pow- 
r,  which  Ifl  very  much  used  in  the  art*,  not  only  aa  a  carnmon 
■int  (chrom<^  grocii).  t""'  "'^o  "*  "  vitritiablo  pigment,  since  it 
Pliarta  a  bi-autiful  green  color  to  gla-w  and  lo  the  gUaing  of 
'  ~n  wftn*.  It  mny  be  prepared  from  the  chroiiiates  in  a 
uriciy  of  ways,  us  is  illustrated  by  the  followiug  re- 

4[B)C,]-0/€rOj  =  2[Cr]0.  +  ft^Ig  +  5®-®.  [345] 

(Wn,);0,X>,0»  =:  [fr]0,  +  lia.®  +  Saf=5ff-  [346J 

*Si-l  0,'.gi,  =  2[Cr,]:0,,  +  4  '31-91  +  ■£>-■£>■  [347] 

[Cr,]iO,  +  2KCI  +  2®=9.  [348] 

be  first  two  reactions  are  obtnined  by  simply  iaiiitin^'  the  solid 
tramale*.  Tlic  lliinl,  by  pa'^Bing  the  VRp<ir  of  cti!ori>-cliroiDio 
rhydi^de  through  n  red-hot  porcelain  tube,  nnd  iho  last,  by 
M«ing  chlorine  gas  over  ignited  potawic  diehrnmnEe.  By  the 
reaction  ihe  oxide  may  be  obtained  in  definite  rhouibohe- 
'bI  erystuU  {Sy.  Gr.  5.21),  which  have  the  form  nu<l  hanliiesa 
'  api-rular  iron,  and  even  the  aroorphons  coromiTcial  oxidi-  ia 
I  hard  Uiat,  when  tiof  ly  levigated,  it  may  be  nsrd  like  rouge 
r  poliiihing  glaK>  In  this  hard  condition  thi'  oxide  is  almost 
soluble  in  acids.  There  i,s  however,  a  less  dense  condition  of 
«  oxide  (uhluined  by  cautiously  healing  the  hydrate),  which 
unlvt»  freely  in  all  tiic  mineral  ugAa.  It  has  n  darker  color, 
id,  like  fen-ic  oxide,  changes  suddenly  with  incnnileirencD  into 
e  insoluble  modification,  if  healed  abore  a  definite  point.  At 
e  higtuut  temperatures  chromic  oxide  does  not  Iwe  oxygen, 
nl  cwimit  bv  reduced  by  hydru^u.     It  may  be  melted  by  the 

forge  fire,  and  the  molten  oxide  furm^  on  cooling  n 

dark-green  tLr^suUine  solids 


Tliere  are  a  niiraber  <if  chromic  hj/itralet  eorrespondins  la  tbt 
fume  h^dratua ;  but  iho  difi'erenl  compounds  caniiot  lie  iiolattii 
as  readily,  and  their  symbols  liave  not  been  aa  aocumtdy  lll:le^ 
miued.     Wlien  Midic  or  pota-^sic  hydrate  U  added  lo  lli«  (olu> 
tion  of  a  chi-omlc  »tlt,  the  chmiiiic  hydrute  lirst  precijiiUInl  it   • 
dissolved  by  an  excess  of  the  reugeut,  hut  the  preclpilale  MMd 
pean  on  Uiiling  [lie  liquid.     These  precipitaiej^  retain  a  PMli^l 
of  the  alkali,  whic-b  nnHliiie^  llie  qualities  of  the  kydnite,l|^| 
litis  circiimstaiiue  iviider^  the  iavL'Sugution  of  these  compQU^H 
very  difHoult.     The  only  way  tu  protrure  a  pure  hydrate  i^| 
precipitate  with  amiDjnJa  from  boiling  solutions.     Ttie  I^^H 
blue  precipitate  thai  obtained  reiaiiM  from  one  lo  seven  i*4^| 
cules  of  water,  according  Co  the  conditions  uuder  wlikJi  I^H 
dried.  ^M 

The  .soluble  diromic  salts  affect,  aa  a  rule  at  least,  two  n^H 
ficatiun.'^  In  one  »tute  they  have  a  violet  o»lor,  and  ci^la^H 
more  or  less  readily,  while  iu  the  oilier  ihey  have  n  green  oa^| 
and  are  uncry^lallizuble.  Thuii  we  have,  besid>rs  an  anb/dl^H 
chromic  bulpbate,  which  is  red  and  insoluble,  ihe  two  follai^^l 
hydrous  siitla: —  ^H 

Violet  Sulphate  (soluble  and  cryst.)     ['>,]i'5,|C50^,  .  15^| 
Green        "      (soluble  hut  uncrysu)  [_c/,]lOJ{SO^ .    5j^| 

The  (^econd  is  obtained  by  lieiitin;;  iho  crystals  of  the  fli^^| 
100°.  But  the  water  tlius  driven  of)'  cautiot  be  whollj'  WAte^H 
crystallization,  for  on  simply  boiling  n  solution  of  the  <r3^| 
coiripound  the  same  change  of  color  and  ei-yrbilUne  chsn^H 
lakes  place.  There  is  evidently  an  essential  alteratioa  in^H 
molecular  structure  of  the  compound,  but  further  thim  tUa^| 
have  a^  yet  no  knowledge.  ^H 

The  best  known  of  the  chromic  salts  is  cftrom*  ahaii,  «1^| 
is  ea~ily  prepared  from  commerciul  poia&sic  bichromate  bjr^H 

i,KiO(Cr,0,  +  F^  0,^50,  +  3S0,  +  Aq)  =  H 

Thi.4  salt,  like  the  other  alums  crystallizes  with  34i/,Oia<|^| 

bi-drons  having  a  ilark  purple  (nearly  bbuJc)  coloT^Jn^j^H 
when  suiricicriily  thin,  nniDtmit  n  ix'autiful  rt^ i«dj^^^^^| 
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M  be  taken  in  redudng  the  chromate  that  the  temperature 
tlie  solution  does  not  rise  too  liigh,  for  above  70°  or  80°  Ihe 

Bitgo  aboTD  described  takes  place,  and  the  salt  loses  its  power 
crjBtslliang.     By  keeping,  however,  the  green  solution  thoa 

'ined  for  several  weeks,  it  gnuluully  recovers  its  violet  color, 

id  til  en  will  yield  the  normal  crystals. 

S48.    The  Chromic  Oxalates  ibrm  two  interesting  series  of 

uble  salts.     Those  of  the  first  class  Lave  a  dark-lilut.-,  and 

os«  of  the  second  class  a  ruby-red  color.     Thus  we  have 

Blue  Salt         "  ^*[O-,]xu0^L(Ci0,)a .  G//,0, 
KedSall  AV[CrJ.BiO„-'ii{C,OJi.8//,Oorl2ff,0. 

mmonia  gives  no  precipitate  ia  sotuliona  of  these  salts,  neither 
>ea  potaseic  hydrate,  until  they  are  boiled.  Corresponding 
ropowndfl  are  known  containing  {Jffft)i,  2fa^  Ba,  Sr,  Ca,  or 
'g  in  place  of  Aj,  but  with  varying  quantities  of  water  of  crys- 
Jlizaiion. 

347.  Chromic  Nitrate  may  be  obtained  in  dark  purple  crys- 
"i  having  the  composition  [O,]l0J(A''t>j)a  .  ]8//jO,  by  dis- 
llving  chromic  hydrate  in  nitric  acid,  but  the  solution  becomes 

0  and  uncrysiallizable  if  healed  beyond  a  limited  degree. 

18.  Chromic  Chhride,  [tVJItVo.  is  prepared  hy  passing 
llorine  gas  through  an  iniimiile  mixture  of  chromic  oxide  with 
irbon,  heated  to  intense  redness  in  a  crucible  [120],  when  the 
lloride  sublimes  nud  may  be  condensed  in  a  second  crucible 
tvering  the  mouth  of  the  first.  It  forms  nacreous  scales  which 
l*B  a  beautiful  peach-blossom  color,  and  resist  the  action  of 
e  strongest  acids.  They  are  insoluble  in  cold  water,  and  even 
boiling  water  only  dissolve,  if  at  all,  very  slowly ;  but  singa- 
rly,  on  the  addition  of  the  smallest  quantity  of  chromous  cblo- 
le,  they  dissolve  immediately,  generating  much  heat,  and 
nning  a  green  solution  identical  with  that  obtained  by  disaolv- 
j  chromic  hydrate  in  hydrochloric  acid.  A  soluiion  of  the 
Itresponding  vioUt  chloride  may  be  farmed  by  adding  baric 
Jorido  to  a  solution  of  the  violet  sulphate ;  and  it  is  worthy  of 
Itice  that,  while  from  this  last  solution  argentic  nitrate  precip- 
lea  the  whole  of  the  chlorine,  it  only  precipitates  from  a  so- 
ilon  of  ibo  green  compound  one  third  of  its  chlorine,  unless 
r  liqirid  u  hoili'd.     Guui  crystals  having  th«  compositJoo 
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[^rj  C7tf  .  12ffjO  have  been  ilascrilied,  wid  tt 

mic  chloride  with  tlie  alkAlinc  chlorides  sru  hIm)  knmni. 

Besides  the  remarkable  modiDcalioDs  of  tbc  diroouc  mH 
■cribed  above,  most  of  them  manifest  a  strong  tcodoncj  lo  Ei 
basic  compounds,  but  the  principle  wUicli  ibej  Qliutme  ^ 
been  already  eufficienlly  discussed  (337). 

349.  Chtorhydrinet.  —  When  bj'ilrated  cbromic  d 
dried,  it  gives  off,  as  the  temperature  increasec,  bolb  « 
hydrochloric  acid,  and  compoundii  are  fonacd  which  o 
intermediate  position  between  chromic  chloride  uiwl  t 
hydrate,  and  may  be  regarded  as  derived  rrom  th«  t 
replacing  one  or  more  atoms  of  ohlurine  mih  hydroxjrl. 
we  have 

Chromic  Chloride  [OJ1C4 

Chromic  Penla-cblorhydrine  [^tj'^'i  >  Ba  .  4JS(d 

Chromic  Tetra-chlorhydrine  [0,]lCJi  .  /fcy 


Chromic  Dichlorhydrini 
Chromic  Hydrate 


The  name  cktorhydrines  is  now  generally  applSnl  la  ti 
of  this  class,  and  it  can  eutiily  be  seen  that  they  may  be  fi 
from  water  and  the  anhydrous  chlorides  by  a  nimplo  n 
The  compounds,  whose  symbols  aro  gisoa  in  (225)  a 
may  be  regarded  as  having  a  similar  oonKtitution.  and  iImi  a 
is  true  of  many  other  oxychlorides,  oxyftnorid'-^,  Ac. 

350.     Chromatet  or  CbrapouncU  in  whieh  VlirtytHium  i. 
almt.  — Those  aro  the  most  choraoteristlc  and  ini(>ortant « 
compounds  of  this  element,  and  the  best  known  of  all  u  ;i 
diehromcUe,  which  is  manufactured  on  n  lanrc  ■"•nlo  tr  th>- 
and  extensively  used  both  In  dyeing  and  in  :! 
various  chrome  pigmenU.     It  is  made  from 
which  is  reduced  lo  flne  powder  and  roa^k  i 
reverbcralory  furnace  with  a  mismreof  dnui-  _ 
bonalL-.     The  mixture  ia  constantly  "lirred  tu  liaiU: 
tion,  and  the  chalk  faialitntci  tho  ctiaog>-  by  rHaini 

in  a  porous  condition.     From  the  produrt,  water  <i  

low  potasilc  cbromatc,  which  if  riwily  cunmrtwd  laU  1 
dlchromate  by  tho  addition  of  nitric  add,  and  ths  Mdi  fa  i| 
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larated  and  purified  by  repealed  crystallizations.     There  are 
««  potassic  chromatc^,  all  of  which  yield  aDhydrous  crptala 
Mail/  GoluMe  in  water. 

Polassic  Chromate  (Yellow)  AVO,=  &0„ 

Potaisic  Dichroraate  (Orange  Red)         AVOrCV,0„ 
PotasMC  Trichromale  (Dark  Red)  AVO,'Gr,0,. 

'  The  normal  salt  is  isomorphous  with  polassic  sulphate.  It 
ells  wheo  heated,  and  is  not  deeompoaed  by  simple  ignition  ; 
It  when  healed  with  redudng  agents  it  yields  chromic  oxide 
Itxed  with  some  potaisic  salL  When  in  golution,  it  has  an 
Wkalino  reaction,  and  is  converted  into  the  dicbromate  by  the 
Vr«akeat  acids.  The  dichi'omntcaUo  fuses  without  dccompo^i- 
an,  but  nhen  healed  (o  a  high  temperature  it  is  converted  into 
le  normal  salt  and  chromic  oside.  In  folulion  it  tiaa  an  acid 
■action,  and  on  Ihe  addition  of  potaasic  liydraie  changes  to  the 
mal  salt.     Both  salts  possess  great  coloring  power.     The 

e  has  merely  a  thcorelical  interest. 
Id  another  process  of  manufacturing  the  commercial  chro- 
tes  llie  ebrome  ore  is  simply  roasted  with  lime.     There  is 
•  formed  the  normal  calcic  chromate,  which,  although  itself 
f  partially  soluble  in  water,  is  converted  by  digestion  with 
Ints  sulphuric  acid  into  a  dichromaU,  which  is  very  soluble, 
td  from  this  solution  the  other  chromale  may  be  easily  obtained 
f  simple  melaihetical  reaciions.     The  chroniates  both  of  cal- 
um  and  strontium  dissolve  readily  in  dilute  acetic  acid,  while 
P^laric  chromate  is  insoluble  in  thiE  reagent ;  and  on  this  fact  is 
n  important  method  of  qualitative  analysis, 
e  are  two  plumbic  chroraalcs,  which  are  not  only  impor- 
(  pigments  and  dye,*,  but  are  also  interesting  tiieoretically, 
symbols  are  usually  wrilton  tbus:^ 

c  Chromate  (Chrome  Yellow)        Pi'OfCrOt, 

iWo      "         (Clirome  Orange)        {F^-O-PbyO^^CrOr 

S  flrat  falls  as  a  brilliant  yellow  preeipiiate  when  n  soluble 

»iiat«  la  added  to  a  solution  of  plumbic  acetate,  and  corre- 

)  the  miacrul  Crocoite.     It  melts  nl  a  modeniiu  heat, 

on  cooling  a  red  cryBtallme  solid ;  but  when  strongly 

;  is  dccompOKd,  and  a  mixtare  of  the  «ei»>ai  con\^>iTA. 
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with  chromic  oxide  13  the  result.    The  diplumbic  d 
a  deep  orange  ur  rod  color,  according  to  (lie  modfi  of  p 
tion.     The  llDest  Term il ion-red  is  made  hy  fusing  Ute  j 
chromate  with  nitre,  uiid  washing  out  the  potassium  alt  it 
water,  while  an  orango  color  is  obtained  in  dyeing  by  p 
ihe  clolU  through  boiling  lime-water,  after  chrome  yellow  I 
been  fixed  in  its  fibres  bj  steeping  it  eiiccessivfity  to  ulot 
or  plumbic  acetate  and  polassic  bichromate. 

Several  other  metallic  chromatea,  which  are  easilj  prcpa 
by  precipiiaiion,  are  used  in  painting;  but  the  coloring  pOfBt  l| 
of  the  chrome  pigments  is  so  great  that  they  arc  frequently 
adulterated  with  chalk  or  some  similar  white  material,  and  llit 
tint  is  varied  by  mixing  them  with  other  paints.  One  \antij 
of  chrome  green  is  a  mixture  of  chrome  yellow  with  Pni««<a 
blue. 

The  chromates  are  oxidizing  agents,  and  fused  plumbic  chra- 
malo  is  sometimes  used  for  Ibij  purpose  in  organic  annljik 
When  heated  with  strong  sulphuric  acid  they  evolve  oxjn^i-n  gu 
[2303 :  with  hydrochloric  acid  they  evolve  chlorine,  and  in  boib 
cases  chromic  salts  are  formed. 

From  the  chromates  we  can  easily  prepare  chromic  anliydri^ 
CrO„  and  the  comparative  stability  of  this  comjioiind  illuslmia 
moat  markedly  the  chief  cbaracterititic  of  the  element  ehromiiiiB. 
The  anhydride  is  most  readily  obtained  by  pouring  one  mc» 
ore  of  a  sniurated  solution  of  potassic  dichromate  into  uiie  and 
a  half  measures  of  concentrated  sulphuric  acid.  As  ibc  lii 
cook,  clii'omic  anhydride  crystallizes  from  it  in  splendid  c 
sun  needles.  This  beautiful  compound  is  permanent  in  the  U 
and  melts  at  190°  without  undergoing  decomposition; 
higher  temperature  icgivesotf  oxygen  gas,  changing  first  ti 
iniermeiliate  brown  oxide,  OjO„.  and  afterwards  i 
It  deliquesces  in  moist  air,  and  dissolves  in  water  in  1 
tions.  This  solution  may  be  regarded  ns  chromic  acid,  b 
solution  on  evaporation  yields  crystals  of  iLe  anhydride,  I 
have  no  evidence  that  a  definite  compound  Is  formed, 
very  powerful  oxidizing  agent,  and  ab«aluto  alcohol  inSi 
when  brought  in  contact  with  the  crystals. 

Uhloroehromie  AfiAj/dride,  OrlOt,Cl^  a  compound  1 
same  type  aa  the  lost,  is  distilled  when  a  mixture  of  p 
dichromate,  common  salt,  and  sulphuric  acid  is  bcatw]  in  a 
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relnrL  It  U  a  blood-red  volatile  liciuld,  boiling  at  113°,  and 
welding  a  vapor  wliose  Sp.  ®t.  (5.52)  can  be  easily  determined. 
[l  U  At  once  decoiii|ia:?viI  i>y  water  iaio  hydrochloric  acid  and 
mtc  anhydride,  and,  like  the  IsftL,  is  a  powerful  oxidizing 
geut ;  but  it  is  cliiefly  inleresting  from  itfl  theoretical  bearings. 
?lie  existence  oho  of  CrC%  and  CrCIt  has  been  inferred  from 
lertain  reaction.^,  but  they  have  never  LeL'n  Isolated. 

When  potassic  diehromate  is  dissolved  in  moderately  strong 
n^rachloric  acid  at  a  gentle  heat,  there  separate,  on  cooling, 

lutiful  orange-colored  needles,  of  n  salt  whose  comjiosition 

y  be  represented  by  the  symbol  CrlO„Cl.Ko  or  K-0-{Ci^ 
O^Ct),  and  anotlier  compound  bas  been  obtained  wbo=e  symbol 

a  been  ftritten  CrlO^Cl,Ho  .  ^H^Cl     Their  theoretical  re- 
u  obvious. 

Another  interesting  compound  belonging  to  the  type  of  chro- 
lic  nnhydride  ia  the  fluoride,  CtF,,  It  distih  when  a  mixture 
C  fiiior-Bpar,  plumbic  cbroniaie,  and  sulphuric  acid  are  healed 
B  a  leaden  retort,  and  may  be  condensed  (iu  a  perfectly  dry 
r  kept  at  a  very  low  temperature)  to  it  blood-red 

uidi  but  the  moment  it  comes  in  contact  with  moiat  air  it  is 

Domposed  into  hydrofluoric  acid  and  chromic  anhydride,  and 
his  reaction  is  one  means  of  preparing  the  anhydride  in  a  state 
f  purity. 

Lastly,  there  appears  to  be  a  perchromic  acid  corresponding 
9  the  permangnnic  acid.  The  compound  in  question  is  formed 
rhen  to  a  solution  containing  peroxide  of  hydrogen  and  free 

rdrochloric  or  sulphuric  acid  ia  added  a  small  quantity  of  rame 
shaking  up  the  mixture  with  a  few  drops  of 
(her,  this  solvent  acquires  a  deep  blue  color,  which  is  supposed 
D  be  due  to  perchromic  acid,  and  the  reaction  serves  as  a  very  . 
elicate  test  for  chromium. 

Sol.  Salphidti.  —  The  sulphides  of  chromium  are  uninlpor- 
unt.  The  bbck  precipitate  formed  when  ammonic  sulphide  is 
Ucd  to  the  solution  of  a  chromous  salt  ia  probably  CrS.  A 
wjuisulphide,  Cr^Sf,  may  also  be  obtained  as  a  black  powder 
7  passing  .ff,5ovcr  ignited  OfgClp  Like  aluminic  sulphide, 
I  is  decompo«i-d  by  water,  and  cannot,  therefore,  be  formed  in 
B  aqueous  eolutioo. 
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Questions  and  Prohlemi. 

1.  In  what  order  nould  you  classify  (lie  dement*  allied  lod 
mium.  regarding  only  the  sUbiUl;'  of  the  compouudB  in  whieb  I 
act  ae  bivalent  roiliuali  ?     Make  a  table  illusmiing  thia  point. 

2.  In  what  onler  would  you  classify  lb«  game  eleoieoti,  npui 
alone  tbc  etxbility  of  ihe  several  radicals  V^i\l  '■'  Compare  the  e 
ilies  of  tie  several  oxides  and  chlorides  of  these  rsdiuals. 

3.  Wbat  a  the  chief  chemical  characlemtic  of  uhroniium  ? 
how  is  thii  iUu«(rat«d  by  roactioni  [313]  to  [346]  ? 

4.  Can  you  form  any  theory  ai  to  the  cause  of  the  diiTensDoa 
twcen  the  blue  and  green  modifications  of  the  chromic  salts  ?  ( 
pare  (337). 

5.  Blue  chromic  oxalate  is  made  by  boiling  a  solution  of  19  ] 
of  potassic  dicbromate,  33  of  potassic  osalate,  and  56  of  cryElail 
oxalic  acid.  The  red  salt  Is  made  in  tbe  same  way  with  19  paria 
the  dichromate,  and  55  of  oxalic  acid  only.     Write 

(i.    Wbat  inference  would  you  draw  from  the  peculiar : 
chromic  chloride  ? 

7.  Explain  the  two  mcthodi  of  making  potassic  dichromata^ 
illnstrBte  the  process  by  reactions. 

8.  Represent  by  graphic  symbols  the  constitation  of  the  three 
tosde  chro mates. 

9.  The  plumbic  cliromalcfl  may  all  be  represcntetl  as  conlnining 
radical  {OtPb,),  including  tbe  very  rare  mineral  Phienicmhni 
which  cooUins  23.1  CrO,  and  i6.9  PbO.  Write  thu  sj-mhoU  of 
three  cbromates  on  this  assumption,  and  weigh  tlieir  probahUity 
compared  with  those  ^ven  above.  Compare  the  reairtiana  of 
plumbic  with  those  of  tbe  potnssic  salts,  anil  consider  what  bau 
tbe  general  isomorphism  of  the  chromates  with  the  salph&tea  hat 
the  question  (20S). 

10.  Illustrate  by  reactions  tbe  method  of  dyeing  cloth  witlichn 

11.  Write  the  reaction  of  strong  hydrochloric  acid  on  patan'c 
chromale,  assuming  that  the  principal  products  are  chromic    '  ' 
and  chlorine  gas. 

IS.  When  }IjS  is  p»»isecl  through  a  #obitjon  of  potassicdicbm 
supersaturated  with  sulphuric  acid,  sulphur  ia  prccipilsted,  and 
color  changes  from  red  to  green.     Write  the  reaction. 

13.  A  fiolution  of  potassic  dichromate  supeiaaturatad  wUk 
phurio  acid  is  much  used  instead  oT  nitric  acid  in  the  poroa  «ii| 
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len'*  Toltaic  cell  (90).    Wtml  is  tbo  tbeor/  of  it 


14.  When  ft  Botntioa  of  potastic  dichromate  «upenati]rAted  vHb 
Wlpbnric  acid  a  boiled  witfa  oxalii^  at-id,  all  tbe  cbromic  acid  is  re- 
Incod  to  tbe  condition  of  a  chromic  aalc,  and  an  equivaleot  amoant 

is  eet  free.    Write  tbe  reaction,  and  show  how  it  may  be  used 
r  to  determine  tbe  quantity  of  CrO,  in  tbe  dicliroiuate. 

15.  The  cbmmiuni  in  a  eoluhle  cbrotnate  miij'  also  bo  estimated  a« 
aoquioxide.     By  what  rcuctiona  may  lliiii  oxide  be  si^paraled  in  a 

i  condition  to  be  accurately  weighed? 

16.  Row  may  potassic  chromate  be  ti9cd  to  separate  barium  from 
■iCftleium  and  stroDtijmV 

.  It  ha«  been  found  by  careful  experiment  that  10  grammes  of 
romic  anhydride  yield  7.G(I4S  grammes  of  chromic  oxide.  Wo 
«  aiao  the  Sp.  Gr.  of  chlorocbromic  anhydride,  and  that  this  com- 
ind  when  brought  in  contact  with  water  undergoes  the  change 
Kribed  above.  Deduce  the  atomic  weight  of  chromium,  and  slate 
lepa  in  your  reasoning. 

.   Write  the  reaction  by  which  chlorochromio  anhydride  is  ob- 
!ie  reaclLon  described  in  the  text.     It  may  also  be  made 
liatilling  in  a  small  rclort  a  dry  mixture  of  ferric  chloride  and 
'c  oxide.    Write  the  reaction. 

19.  What  ii  the  relation  of  the  compound  KCrO^Cl  to  potaasic 
ohramate   on  the  one  aide,  and  chlorocbromic  anbydride  on  the 

20,  Write  the  reaction  by  which  CrP,  is  obtained  in  the  reaction 
I   described  above.     It  may  also  be  prepared  by  distilling  a  mixture  of 

potaaiic  dichromate,  ammonic  fiuoride,  and  sulphuric  acid.    Vfnta 


I,  Chromic  fluoride  is  decomposed  by  glass,  and  for  ibii  reason 
e  not  be«n  able  to  analyze  it,  or  to  determine  the  density  of 
or  Mttafaclorily.      It«  constitution  is  inferred  from  the  pro- 
tioTita  reaction  with  water.     Is  the  conclusion  trustworthy? 
9!.   Write  the  reaction  of  ammonic  sulphide  on  a  solution  of 
cbmroe  alum. 


Divition  XHT. 


852.  ALT7MINUM.  ^^=  27.4.  —  Tetrad,  but  its  oom- 
pounds  all  coutun  the  double  aloin  \_Ali']  ^  54.8,  whicli  a  a 
hexad  radical.  A  very  widely  Uistribuied  element,  aod,  after 
oxygen  and  silicon,  the  most  aliuadant  constJtuent  of  the  rodj 
crust  of  the  globe,  of  wbich  it  iiaa  been  esUmaled  that  it  funos 
about  one  twelfth.     It  of  'in  combiofttion  with  oxj- 

gen  and  silicon,  and  mosi  iceous  minerals,  and  nxJt^ 

when  not  pure  silica,  com  am  aa  an  esaeutiol  ingredi- 

ent.    For  a  full  enumera*  luminum  minerals,  (hi:  stu- 

dent must  consult  work-  ilogy.     The  following  li:i 

cmnprises  only  such  of  I  icterislio  native  comi>ouDd9 

as  illustrate  the  chemlou '  the  element. 


Fluorides. 

Cryolite  Orthorhombic  [-^y^a  •  G^aF, 

Chiolite  Tetragonal  [At^^F, .  SNoF, 

Pachnolite  MonocUnic  L-*4]^s  ■  3[  CM^€J,]-P, .  2ffA 

Thomsenolite  MonocUnic  [.i^JJ",.  2[Ca^a,]F,.  2^jft 

Oxide$. 

Spinel  (Ruby)                      Isometric  J^.[^y-«iO, 

Gahnite                                 Isometric  Zn.{_Al^^^Og 

Uercynile                              Isomelric  ^«,[^/,]ieiO, 
Corundum,  Sapphire,  Oriental  Ruby,  Oriental  Topaz,  Orientsl 

Amethyst,  &c.                  Hexagonal  [^4]=(^ 

Emery                                    Massive  [/V^jyiO, 


Gibbsite 
Beaux  ito 

Diaspore 
Chrysoberyl 


Bydrates. 
Hexagonal 
Massive 
Orthorhombic 
Orthorhombic 


OiFe^l[\iOfIl 
O^AK\-Oil 
OflAl^'Oi-t 
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SulphaU». 
lunogen  Monoclinic  [At^WMSO,), .  18/r,0, 

AluinUiile  Maswve  O/t^,]' 0/(50,)  .  SN^O, 

Earaluminite     Massive  Oj.[^(,],' 0,^(50,) .  15tf,0, 

n-Btone  (Aliinile) 

Rhomboliedral    ^2,[^y,inOj^{SO^),,/r,„  or 
3(0/[^y-0/50,} .  ^-OriO, .  6^,0. 


Octahedral  Alumt. 
1  Igomelrid       A'3,[^4].iiiOgTiii(50i,),.  2477^0, 


FotaBSium  Aim 
Ammonium  AU 


{NH,)XAk'\'^  Og'w(  6-0)), .  24/40. 


Filrroiu  Alums. 
■ickeringiie         Fibrous        Jfy.t^/,] tlii 0,iu(SO,), .  22ff,0, 
Apjobniie  F 

itricbiie         F 


jVn,[J/,].Bi0..iu(50,), .  22/^0, 
fV,[^]^0grtii(50,), .  22^0. 


^osphaUs. 

Unlile         MoDoclinic  F^i%.[^^]>0,n>P,, 
tonjuoia         Reniform  OfilAl,yiOMPO)t, 

fravellila        OrlhorLorabic     [-iy^-'iu Oja"Ui{PO)„fl'g  .  51/^0. 


Silicates. 
Onhorhombic  ) 
MoDocIinic      J 
Orthorhombic 


OiAl^]iO,tSi, 

Ff[Ai^y-Ot'Si. 


mrthiie 
Lnbrndorite . 


Feldspt 

Triclinio 
Triclinic 

Trielinic 
Triclinic 
MoDoclJnic 


O..[J/,>ni0,'>l'S'p 
[iVt7„C«].[^/,].i"0,vui5'.0, 

A',,[^i,]vu.O,-i"&-,0„ 
[  Co,iP«,].[^/,]  .ill  0,'iu  A',0« 

A'„[^y-iu0.-"<5.a0, 


KRolInite        Orlhorhombic 
Halloyeiie       Massive 
Pyrophyllite  Orthorhonibic 
Agalmuiolile  Ma^ivo 


ZeoUlet. 


Thomsonile0^lho^hombio[iVa„Ca].[^/,]'iu08«llS^.2J^,ft, 
Natrolite         Ortliorhumbic        -^OjIJ/,] .[nOj-'i.a'iO, .  2J% 
Oi,[^y.iuCl,.ui5i',0i.8J? 

75b.[^y.[iiO,rtti5..0,.S 
Ca,[  J/,]  «iii9,.iya-,0^.  5 


Monoclinic 
Analcime        Lmmelric 
Cbubaziie       Hexagonal 
Ilarraolome    Ortborhambic 
Heulandite      Monoclinic 
Stilbite  Ortborbombic 


To  this  lUt  may  be  added  the  Garnets,  the  Seapoiilf$, 
indoles,  tbe  Mtcai,  ami  tbe  Chioriles,  nil  large  and  impoitl 
groups  of  minerals,  which  are  cbiefly  eilicatCA  of  alurainiuB,  t 
which  present  difffirencea  of  coinpoiiiion  aimiJ 
trated  above.     It  is  impossible,  however,  in  the  present  sMtc 
the  science,  to  deduce  fi-om  the  results  of  [he  analysis  of  tn 
of  tiiese  minerals  any  eatisfaclory  or  probable  ratioual  tatm 
The  mineral  La|>is  Lazuli  is  a  remarkable  illuttmtion  of 
fact.     It  has  a  deRuite  crystalline  form  (Fig.  6),  and  hns  k 
been  u«ed  as  a  paint  under  tlie  name  of  ullraniorine.     ]t  is 
ailicalo  of  aluminum,  calcium,  and  sodium,  with  b  sulphide 
ably  of  iron  and  sodium ;  but  numerous  analyses  have  ^vea 
definite  clew  cither  to  its  ralionHl  formula  or  to  the  causa  6t 
beaulifu!  blue  color.     Nevertheless,  tbe  pigment  is 
artificially  in  large  quantities,  by  combining  tbe  ingreditsnls  id 
proportions  which  the  analyses  have  indicated,  and  this 
seem  to  shnw  that  It  b  tbe  theory  and  not  the  analysis  wl 
at  fuulL     This  Bubjecl  will  be  further  discussed 

It  will  be  noticed  that  among  the  native  eompoi 
num  are  included  several  of  the  precious  stones,  at 
which  yields  an  exceedingly  hard  powder  very 
polishing.     From  tlio  clays  ibc  clay  slates,  and  to  a 
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im  the  rarer  minerab  Alum-stone  and  Beauxitc,  the  alums 
d  otlior  soluble  sails  of  uluminum  are  prepared.  Cryolite, 
w  imported  fjom  Greenland  in  large  quantities,  lias  become 
important  source  of  soda-a.''h.  Ttie  feldspars,  and  more  im- 
Klintcly  the  clays  which  result  Irom  their  diaimegration,  are 
■gely  used  in  llie  manufacture  of  porcelain  and  the  vnrious 
ids  of  earllienware.  The  coarser  clays  furnish  the  material 
r  bricks.  Tim  elalea,  the  porphyries,  the  granites,  the  tra- 
lytes,  the  greea  stones,  ifae  lavas,  and  other  rock^,  rich  in 
uminutn,  are  used  in  building;  but  the  other  aluminous 
Inends,  with  few  exceptioos,  find  do  imporiiuit  applications 
the  arts. 

3s3.  AlelaUic  Aluminum.  —  Readily  obtained  by  reducing 
the  chloride  or  ihe  nalire  fiuorlde  (Cryolite)  with  metal- 
sodium.  It  biij  a  brilliant  white  lustre,  and  possesses  to  a 
;ti  degree  all  (he  qualities  of  a  useful  metal.  It  has  a  low 
idfie  gravity  (2.5G),  but  etUl  a  very  great  tenacity.  It  is 
larly  sonorous.  It  is  very  malleable  and  ductile.  It  is  an 
illent  conductor  of  heat  and  electricity.  It  has  a  high  meltJng 
It,  although  somewhat  lower  than  that  of  silver.  It  does  not 
liih  in  the  air,  and  the  molten  metal  does  sot  oxidize,  even 
•n  heated  to  a  high  temperature.  Its  present  value,  which 
;pends  solely  on  the  cost  of  extraction,  greatly  limits  the  ap- 
of  aluminum  in  the  arts ;  but,  neverthcle.<>s,  it  is  used 
a  limited  extent  for  cheap  jewelry,  and  in  a  few  philo^ophi- 
I  imtrumenti,  where  it  is  important  lo  combine  lightness  with 
length.  An  alloy  of  copper  with  about  t£n  per  cent  of  pure 
uninum,  called  aluminum  bronze,  has  the  color  of  gold,  and 
,  almost  equal  power  of  resisting  atmospheric  agents. 
Seilher  sulphuric  nor  nitric  acids,  when  cold  and  sufficiently 
luted,  attack  aluminum,  and  nitric  acid  dissolves  it  only  slowly 
km  coiicenlraled  and  boiling.  Hot  sulphuric  acid,  however, 
lien  not  diluted  with  more  than  three  or  four  parts  of  water, 
Molves  it  rapidly  with  the  evolution  of  hydrogen  gas.  The 
■t  aeid  solvent  is  hydrochloric  acid,  which  acts  on  the  metal 
the  ordinary  temperature  even  when  nreatly  diluted ;  but, 
igDkrIy,  the  metal  dissolves  almost  equally  well  in  a  solution 
canstJc  soda  or  potash  j  and  a  comparison  of  the  two  following 
■eliaM  will  make  evident  one  of  the  most  important  features 
tbs  f;hfiinl<'al  relations  of  liils  melaL 


A|iAI  +  (Gfl-C7-|-vl?)  = 

AI^AI  4-  (G^"aO-fl+  Aq  = 

IIUm^IM-AI]  -t-  Aq)  ^-  33I-3L  [Srf 

354.  Compounds  in  which  [^^]  "  (Ae  Sasir  SaJieal, 
compounUi  ol'  tliis  doss  are  JKOtnorphous  with,  and  resei 
almost  every  respect,  excepting  color,  the  corree])oudiug 
salt.  Like  the  loat,  they  liave  &  great  tenJency  to 
Bulls,  and  they  exhibit  in  general  the  some  reactions  <vhii-h  b>n 
been  already  described  (3^7).  The  use  of  iLe  Bolutile  iilnni'iM 
ealtB  in  the  arts  depends,  —  IsL  U|>ou  their  teudeiicy  to  funn 
insoluble  basic  (.■oropounds,  and  2d.  Upon  the  face  (bui  titae 
basic  compouads,  including  the  hydrates,  eagerly  al>forli  ih# 
Boluble  organic  extracts  used  as  dyes.  When  orpin  i  ■ 
yam  or  cloth,  are  dipped  into  a  solution  of  a  Utdic  i>1ii 
(compiire  note  to  page  386),  or  when  in  the  proces- 
printing  a  similar  preparation  is  transferred  tu  the  ~<, 
the  fabric  in  regular  designs,  the  insoluble  basic  cotoi>ouijd<i.}tf 
referred  lo,  are  formed  in  the  very  fibre  of  the  material,  awl  In- 
come still  more  Drmly  incor])orated  when  (he  (issue  is  i-xprwd 
to  the  action  of  cur,  steam,  or  other  agents  in  the  prooe--  k  n -'.i 
as  ageing.  If  now  the  yarn  or  cloth  tliuj  prepared  i-  i  : ,  •'• 
in  a  dye-vat,  the  aluminic  compound  entangled  in  ihf  ij ;  r- 
seize  and  hold  the  coloring  matter,  and  hence  the  nutnt:  "i  laai- 
danls,  from  mordeo  (to  take  fast  hold  of),  applied  to  the*  pt^ 
arations  of  aluminum.  The  basic,  ferric,  chromic,  and  Riiinafc 
salts  net  in  a  similar  way,  and  are  also  used  as  nionlnnio :  bat 
while  the  colorless  aluminic  salts  take  ibe  true  rolor  nf  the  dyb 
tlie  others  modify  the  tint  to  a  greater  or  less  eicient.  Hi-nok 
in  the  process  pf  calico-printing,  various  colors  are  obluiii'il  rna 
the  same  bath,  after  the  dpfiign  has  been  printeil  on  the  cjutl, 
with  the  appropriate  mordants.  When  salts  of  aluminiiin  ta 
mixed  in  solution  with  dye-stufTs,  and  decnTn|io«ed  hy  nn  alka- 
line reagent,  tite  in^^ohible  hydrate  or  basic  »ili  ihas  fnnvd 
csuries  down  a  large  amount  of  the  coloring  matter,  »n<I  tlirt 
colored  precipitates,  when  dried,  are  used  as  pigments.    {, 

Of  the  soluble  salts  of  aluminum,  which  may  bo  osed  i 
dants,  the  most  important  are  the  alums,  whose  symlxibJ 
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Ireftdy  been  giTcn  (352).  They  alone  crystalUie  readily,  and 
U>  llierefbre  be  easily  manufactured  on  a  large  scale  in  a  cm- 
ition  whieb  insures  purity.  Tbe  alkaline  sulphate  nliich  they 
Wiain,  although  it  determined  ilie  peculiar  crystalline  rharac- 
sr  of  theac  double  sails,  is  wholly  norlhleas  to  tiio  dver,  and  it 
ependa  chiefly  on  the  ruling  price  whether  iho  ummonii:  or  the 
otSMie  salt  ia  employed  in  their  manufacture.  Sodic  alum  dites 
Ot  crystallize  readily,  and  is  therefore  never  used.  The  alU' 
linic  sulphate,  which  ia  the  only  u^ful  pari  of  the  alums,  ia 
enerally  obtained  by  decomposing  clay  or  shale,  after  it  has 
een  roasted  at  a  low  red  heat  with  sulphuric  acid.  It  is  made 
a  large  quantities  in  Eiii;land  und  Germany  from  a  bituminnns 
ibale,  found  among  the  lowest  beds  of  (he  coal  measures,  which 
Bontaina  a  lai^e  quantity  of  iron  pyrites  disseminated  through 
|]i«  mass.  When  this  alum  schist,  or  alum  ore  as  it  is  called, 
ia  slowly  burnt,  one  half  of  the  sulphur  of  the  pyrites  is  con- 
rerted  into  sulphuric  acid,  which  at  once  decomposes  a  portion 
~  the  alumitiic  .silicale  that  the  shale  contains,  thus  yielding  a 
In  amount  of  aluminiu  sulphate.  At  the  same  time  li^irous 
lri{>hale  is  furmed  hy  the  oxidation  of  the  residue  of  the  pyrites, 
od  when  the  roiisied  mass  is  lixiviated  with  water  both  suits 
iKoWe.  Liu=lly,  on  adding  to  the  solution,  afler  con  ecu  I  ration, 
oUssic  or  nmmonic  sulphate,  alum  is  formed,  which  is  sepa- 
■ted  from  the  ferrous  salt  by  cry s tail izalion, 

A  unall  amount  of  potassium  alum  is  made  in  the  Roman 
(tares  from  Alum-siono  (352).  This  mineral,  wlieu  roasted 
nd  exposed  for  several  months  to  the  action  of  air  and  moisl- 
n,  imimbli;';  into  n  sort  of  mud,  which,  when  lixiviated,  yielda 
he  well-known  Roman  alum. 

WiOiin  the  lost  few  years  the  use  of  alum  has  been  in  a 

leaeare  superseded  hy  the  introduction  into  comnierci;  of  pure 

liminic  sulphate,  which  is  made  by  the  direct  action  of  sul- 

linric  acid  on  some  of  the  purer  varieties  of  clay,  and  freed 

fnm  iron  hy  means  of  sodic  ferro^iyanide.     This  reagent  is 

iddcd  to  the  solution  so  long  as  it  occasions  a  blue  precipitate, 

ud  after  this  settles  the  clear  liquid  is  decanted  and  evapo- 

The  residue  is  known  m  eonrr-alraleJ  alum.     The  salt 

be  oyKtalliaed  in  small  scales,  which  have  the  composition 

m  below. 

A  ioUitiim  irf  lirtsie  aliminio  avitalc  k  tdso  much  u«yi  «&  n 


mordant,  Cdpecialiy  for  maililcr  rcHa,  unjrr  tlin  name  uf  ni 
liquor.  It  i»  [irepared  by  adding  plumbic  iiccUW  lo  *  vlaam 
of  alum.  The  only  imporlant  soluble  MJts  of  alumuniin,  •!«* 
Lave  not  vet  bttu  meutloued,  are  the  chloridv  aod  Dimtta, 


Alumioic  Cldorido 

Aluminic  Nitmic 
Aluminic  Sulphate 


The  reactiuiia  of  llie  aluminic  talta,  nhea  in  eel  j 
from  llioae  of  llie  corresponding  furric  salt^  cliicilj  : 
that  the  while  aluminic  hydrate,  whirh  ia  prcdpiiit 
alkaline  reagenis,  dissolves  eaaity  and  perfectly  id 
of  eilber  poUissiu  or  eodiu  bydnite.  A  compound  •>'. 
may  generally  be  recognixcd  by  the  blae  culor,  wbioL  i 
when  the  solid,  previously  moi?'tened  wiib  a  ttolutlon  •.f  .i.li^tif 
nitrate,  is  intensely  heated  in  the  oxidizing  flaino  of  tbi:  Ua» 
pipe. 

355.    Compounds  in  whiek  [-I'j]  w  tit  Afid  ^u./,'.    '  _  ^ 
die  aturainate,  the  same  eompound  which  is  fomt-d  . 
ii  now  manufactured  on  a  large  scale  from  BL-auxii>-. 
vcriwd  min'Tal.  mixed  with  soilio  carbonate,  i*  hcai'   i 
redness,  and  ihe  soluble  aluminate  thun  formed  cepn:  ' 
the  in>oliible  residue  by  lixiviation  and  Ollrslion.     * 
rnting  the  cli'iir  solution  (in  vacuo),  a  white  amor[<li 
obtained,  nliicb  has  the  composrtloQ  already  given, 
lations  of  Ibis  compound  aluminic  liydrata  isprreipii;< 
additionof  any  soluble  acid,  or  even  on  exposure  (oil 
acid  of  ibe  nlmosphere,  and  tbi*  new  rrmimcrcittl  pr'  . 
be  used  with  great  advantage  as  a  substiiuie  for  oiiii.i 
markalile  reaction  occurs,  when  solution*  of  ulaniim  - 
and  sodio  aliirainate  are  mixed  logoiber  In  atamic  pnj,    ni  -i, 
illustraiing  tlie  singular  twofold  relntiooa  wbkJi   (Lt  radial  ■ 
iAl^  may  sustain.  J 

iiAQ'iCk  +  Na^W^lAI^I  +  e/T.O  +  Aq)  = 

Allliougb  ot]i4!r  alominnlns  may  be  prepand,  lh<- 
dcserilMHl  is  the  only  notowurtby  example  of  ihi*  r!- 
pounds.       Spin<-I,  however,  anil  Uie  Bniinl  tnincnl- 
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856.   Muminie  Chloride,  [jyiC^,  is  the  only  compound  of 

iluminum  with  dUorinc.     It  U  luaUe  hj  passing  cblorine  gas 

DIO  a  mizluTc  or  alumLDic  oxide  with  cArboo,  heated  intensely 

on  eorllien  retort,  when  ihe  chloride  ctistiU  over  end  con- 

nses  in  llie  receiver  in  yellowiah-whiie  crystalline  scales.     It 

R  fusible  solid,  which  volatilizes  at  a  temperature  only  a  few 

rees  above  ita  met  ting-point,  and  the  Sp.  Gr.  of  its  vapor 

mflrcns  the  theory  of  ita  constitution  generally  accepted.     It 

Bgerly  unites  with  water,  but,  like  ferric  chloride,  it  cannot  be 

ccovered  by  cvBporation  when  once  dissolved.    It  forma  double 

tita  witli  the  alkaline  chlorides,  and  one  of  these,  [At^lCH^  . 

NaCl,  plays  an  important  pnrt  in  the  preparation  of  aluminum. 

857>  Aluminic  Oxide,  Al^Oi,  forms,  as  we  have  seen,  the 

^nerat  Corundum.     It  may  be  obtained  arliiiuially  by  igniting 

Htber  ammonia,  alum,  or  the  hydrate  obtained  indirectly  from 

ituxite  (^52).     It  IS  a  hygroscopic  white!  powder,  which  ad- 

B  to  the  tongue,  but  does  not  become  plastic  when  mixed 

jth  water.     It  affects,  like  ferric  oxide,  two  conditions,  and  the 

tnge  from  one  to  the  other  is  accompanied  in  like  manner 

jr  a  «udden  incandescence.     It  may  be  fused  by  the  compound 

»-pipe,  and  the  resulting  transparent  bead,  like  corundutn, 

1  a  hardness  only  inferior  to  that  of  diamond.     MnreoTcr, 

1  crystals,  resembling  the  ruby  and  the  sapphire,  have 

1  obtained  by  an. 

358.  Aluminic  SaJphide.  [AI^'S^  is  formed  when  finely  di- 

d  aluminum  is  burnt  in  the  vapor  of  sulphur     It  1:4  a  black 

Dwder,  which  is  rapidly  decomposed  by  water  into  H.^S  and 

'^tOfff^     Hence  N-iS  does  not  under  any  conditions  pre- 

ipitnte  aluminum  from  sfJutions  of  its  salts,  and  the  precipi- 

lle  oblttined  with  the  alkaline  sulphides  is  simply  the  nomial 


QueitioTi$  and  ProUemt. 

.   Why  is  not  the  atomic  weight  of  alnminiun  doubled  according 
e  principle  or(lCi)'i' 

n  the  compotition  of  the  native  fluorides  of  alaminum  ha 
fed  by  unitary  »ymbols  (69)  ?     Cnn  you  dcvUe  a  process  by 
b  wdlo  carbonatA  may  be  made  fram  Cryolite  ? 

ire  together  the  minerals  iaomorpboiu  with  S\iIqcV  (,%&1^  v 
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(333),  (343),  and  sbow  in  wh&t  two  ways  tbeir  c 
exprvmed. 

4.  Compare  tbe  crysUdline  fonn  and  hardncH  of  ci 
thoee  of  the  allied  Beequioxiilea. 

5.  Compare  tbe  native  alimiinic  with  the  nslivc  ferric  hji 
and  show  how  man}'  uf  tbe  po^Hible  b}  dratea  are  representwl  m 
the  native  oluminic  sails.  Use  tbe  table  of  lenic  hydratM  l' 
ma-le  (I'rn'i.  68,  Div.  XI.). 

6.  The  Bymbol  of  Chrysoberyl  may  be  written  after  the  t] 
Spinel.    What  argument  may  be  urged  for  the  form  given  ft 

h   hhAe  a  table  of  the  known  comiMiund;  of  the  two  alum  1] 

8.  On  whut  principle  are  the  alumlaic  silicates  vlas^ifinl,  ai 
do  the  Mveral  members  of  eaeh  group  differ  Irom  each  otberT 

9.  Determine  tlic  atomic  ratios  between  tbe  various  rsdia 
tlie  several  nluminie  salts,  sulphatec,  pboapbaiea,  and  silicaie*. 
sider,  Rrst,  tbe  limpk  acid  radkaU,  and  eecundly,  the  comjMtund  » 
radical*  in  these  minerals. 

10.  What  inference  should  you  draw  from  a  comparison  of  tin 
ayabols  of  the  different  aluminum  compounds  as  regards  the  isonuw- 
phism  of  cakium  with  tbe  alkaline  radicals? 

11.  Some  varieties  of  Pjrophyllile closely  resemble  Steatite.  BJ 
what  simple  blow'pipc  test  can  the  two  minerals  be  diaUnguishcd  t 

12.  Write  tbe  reaction  of  sodium  on  todlo-aluminic  chloride  er 
fluoride,  and  calculate  how  much  nluminun  cnn  be  obtaiued  tbw- 
retieslly  for  every  kilogramme  of  sodiutn  employed.  m 

1 3.  How  docs  tbe  Sp.  Cr.  of  aluminum  ^'ompare  with  that  of  j^| 
othi!r  useful  metals?  fl^l 

14.  Write  the  reaction  of  nitric  acid  and  that  of  sulphuric  B(a^^| 
aluminum,  assiimiug  that  nitriu  oxide  is  evolved  in  llie  Gnt  CMa,^^| 
bydrugeu  gas  in  the  second.  ^^H 

I£i.  Comparu  reactions  [350]  and  [351],  and  point  out  fha  d^^| 
ent  relations  of  the  radical  [/I',]  in  the  two  cases.  ^^| 

16.  Explain  the  peculiar  relations  of  the  aluminic  sa]t9  on  1t!^^| 
their  use  as  mordants  depends.  ^^H 

IT.  Write  tbe  reaction  which  ta.kcs  placo  when  Eodi<v«aftNwM^^| 
added  to  a  solution  of  alum,  so  long  as  the  prvcipitale  fiisl  TonM^^I 
rediuolvnl,  assuming  that  in  the  basic  aluminic  sulphate,  -wUdi^^l 
main)  in  solution,  the  atomic  ratio  between  tho  basic  and  add  U^^l 
cala  {SO^  is  as  3  : 1.  ^H 

i:^.    WIrjt  are  tbe  relative  intriuiic:  valuni  of  pataMiim^Mi^^l 
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m-alani,  and  crj-stallizi'd  aluminic  PulpVialo,  taking  ae  the  sland- 
ird  Ui«  quancit;  of  normal  aluDiinlc  hyitrate  which  can  be  obtained 
ftwn  each '/  On  what  do««  the  prel'ercnce  giTen  to  the  alunu  as 
Mordania  diieflj  rest  ? 

19     Explain  and  illustrate  by  reaclions  the  process  oT  uiaiuifiictur- 
ig  ajiini  Irooi  thii  alum  ahaJcE,  and  also  Irom  pure  i;U\y. 
SO.  illustraW  by  reactions  the  change  of  Alum-sione  into  alum 
the  manufacture  of  Roman  alum. 

21.  If  fl  portion  of  the  water  obtained  in  the  analyses  of  A lu mini te 
id  Paralaminite  b  water  of  constitution,  how  may  the  symbols  be 
ritt«n? 

22.  Write  the  reacU'on  of  plnmbic  acetate  oo  a  solution  of  alum, 
■nniing  that  in  the  basic  acetate,  which  remains  in  fcilution,  the 

S3,  Whatarelho  two  chief  difierences  between  the  chemical  rela- 
Mis  of  iron  and  aluminum  V  Illustrate  tbo  diflerenccs  by  reactions. 
M.  Explidn  and  illuiCrate  by  reactions  the  method  of  manufactur- 
g  iodic.'  aluminate.  By  what  test  could  you  determine  when  all 
e  loda  has  been  converted  into  sodic  aluminate  ?     Why  evaporate 


as.   Analyze  reaction  [352]. 

lid  be  derived  &om  a  tetrahydro-magnc- 

t8.  Write  the  reaction  by  which  aluminlc  chloride  is  formed,  and 
«w  that  the  Sp.  fir.  of  its  vapur  coofirma  the  theory  of  its  conati- 
[tion  generally  accepltd. 

S9,  Write  the  rcactioQ  which  takes  place  when  a  solution  of  alu- 
inic  chloride  is  evaporated  to  dryness.  Consider  whether  the  pro- 
Ut  formed  by  the  union  of  the  anhydrous  chloride  with  water  ought 
'  be  regarded  as  a  chemical  compound,  and,  if  so,  endeavor  to  rep- 
iwnt  ita  constitution  by  a  rational  symbol. 

30-  Compare  the  reactions  of  ammonic  sulphide  on  an  aluminic 
id  on  a  ferric  salt,  and  explain  the  cause  of  the  difference. 

81.  In  what  order  would  you  claasify  the  several  radicals  [^,]l, 
EgaidiBg  their  electro-uegatire  reUlioDi  ? 
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IHvUvma  XIV.  to  XVL 

359.  THK  PLATINUM  METALS.— The  cix  i 
which  follow  aluminum  in  our  cUssificiitiiia  (Tkblct  IL)  ai 
ways  found  in  tlie  nalive  state,  ulihaugb  more  or 
witli  each  oiber.     "Platinum  Ora"  is  found  ia  vevEnl  a 
tries,  hut  at  leoat  nine  t(>nihs  of  the  commcri^ial  oiipplf  a 
from  the  Urah     It  ia  everywUijre  oblaint'tl  by  wwbiiu;  allflj 
maleriat,  generally  in  buibU  routidi;d  melnllic  grauu,  ahW 
iDBBses  of  eouBidemble  s'lxa  tire  ocCAsionaily  Tuiuul.    Ttie 
ing  anitlydk  by  Deville  and  Debray  wiU  give  lu  idei 
composition :  — 


n 

Au 

F. 

Jr 

lU 

JV 

Om 

*.lk 

Chora 

eii.so 

1.00 

0.B1 

0.M 

0.W 

0.M 

CalifornU 

BS.5g 

o.m 

6.7S 

1.0S 

1.00 

0.60 

I.40 

I.U 

Ocoeon 

6I,4S 

0.B5 

«.so 

0.40 

0.65 

0.15 

3.1» 

ST  JO 

61.40 

i.ao 

4-» 

1,10 

I.XS 

l.HO 

1.10 

MM 

Bu^ia 

•  6.40 

0.40 

11. TO 

4.3U 

0.30 

1.40 

4.10 

OM 

In  itiiaorethegrninaof  "Native  Plntinum,"  which  lurea^ 
gray  color,  are  always  mora  or  less  iniz(>d  nilh  iLom  oTk 
tinci  mineral  apecies  called  "IridoBmine,"'  which  luive  o 
u  lighter  color,  and  consist  chiefly  of  iridium  mv[  (Kmiun^ 
loycd  with  smaU  quantities  of  rhodium  and  ruihrtiiiiin. 
from  the  ftbove  analy^s  the  ftmouDlfl  of  iridoanuDe  {Jr-OiM 
Mod  must  be  subtracted  in  order  lo  obtain  ihe  oom|H] 
nalin-  jilatinum  proper. 

In  the  old  method  of  manuracturing  platinitm,  iImi  i 
treated  with  aqua-regia,  which  diasolvcs  the  platini 
metals  directly  alloyed  with  it,  but  does  not  &%ct  tlw  k 
mine,  the  tilanifcrous  iron,  niid  othnr  n!j)l->tiug  mineral*,  wf 
are  freiiucnlly  mixed  with  llie  ••  Native  I'liilinoui 
lution  thus  obtained,  when  brought  into  Hiiiablo  cmidiliaii,| 
monic  chloride  is  added,  wbieh  precipitates  all  the  |ilat 
[17GJ  as  ammonio-ptatinic  diloride.  This  predpliale,  ' 
ignited,  leaves  the  metal  in  «  pulvemleDt  conrlitinn  (pi 

>  trldnmlne  li  friqocnlly  iuiinc<iil*d  wfib  U&UforTi' 
ftotD  II  lA  lh«  A»*T  ()fB(Mt  in  eonatilcnililc  <tn«nML 
■luk*  la  tlwlNtloin  of  lbs  crucible  ulwatbc  l 


wLi(^h  U  wcMetl  i 


3  bj  heat  and  1 


!  new  melhod  of  Dcvitle  and  Deliray  the  pla 

ed  to  metallic  lead,  nrliich,  ob  it  does  not  alloy 

.  separates  the  platinum  rroni  the  chief  impurhi 

le  lead  is  subsequently  removed  by  eupc-llulioo,  and  the 

ntinuni  purified  by  mehing  it  in  a  crucible  of  lime  with 

ful  oxyhydrogen  Hame.     Indeed,  an  alloy  of  pli 

nail  amount  of  iridium  and  rhodium,  well  aUupteil  for 

vesBels,  may  be  obtained  directly  from  the  ore  by  fuB- 
itb  the  $ame  flame  on  a  bed  of  lime,  using  a  small 
)f  lime  as  a  lluz.  The  pallailium  and  osmium  present 
volatilize)],  while  the  copper  and  iron  form  fusible  com- 
rith  ihe  lime. 

the  "  platinum  residues,"  as  they  are  termed,  the  asso 
elala  can  only  he  separated  by  refined  analytical  melh- 
our  knowledge  of  the  chemical  relalions  of  these  rare 

is  still  very  imperfecL  Neceaaarily,  therefore,  lliey 
upy  a  very  subordinate  place  in  an  elementary  treuiise, 

are  here,  as  elsewhere,  classed  together,  more  in  con-' 

of  their  intimsie  a^ociatiou  in  nature  and  resemblances 
I,  than  from  any  well-defined  chemical  rclaiion^hip. 
RUTHENIUM  (Ru=lOiA)  is  a  white  metal,  very 

brittle,  with  difficulty  fusible  before  the  oxyhydrogea 
E.  ,%).  Gr.  when  fused  U  lo  1 1.4.  It  is  ?aircely  al- 
y  nilro-mnriatic  acid,  but  it  is  easily  oxidized  when 
b  potassic  hydrate  (especially  if  a  liilie  nitre  be  added), 
potassic  rutheniate,  which  forms  with  water  an  orange- 
olution.  The  pulverized  metal  healed  in  a  current  ol' 
ly  nhsorbs  oxygen,  and  the  oxides  cannot  be  reduced 

jzides  are  known, —  First,  ^uO.  which  lia«  a  dark- 
r  and  metallic  lustre.  It  is  not  acted  on  by  acids,  hut 
d  by  hydrogen  at  the  ordinary  temperature.  Secondly, 
'bich  is  the  product  when  the  melal  is  oxidized  hy  Ihe 
lai  a  deep-blue  color.  \a  also  insoluble  in  uiids,  and  ia 
by  hydrogen,  but  only  at  a  higher  lemperntiire.  The 
iding  hydrate,  [ifuJlZf^f,  which  dissolves  witli  ye!lo\r 
icids,  but  is  insoluble  in  water  or  alkalies,  h  also  known, 
XuOf,  which  Is  a  dark,  greenish-blue  powder,  and 
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hydrate  IiuiHo„  which  dinolres  both  in  acMs  at. . 
Fourthly,  RaO^  wUiith  U  the  aasUiDoi)  uilijnlriilK  U  i 
rutlieniflle,  formed  when  the  tnetnl  b  igaiteil  nitli  a  n 
potat>sic  hydrate  with  potB-ssic  uitnite  or  uhloraic     Thu  d 
acleri»tic  coDipouad  b  decompoacd,  like  potiK-'ic 
n<^i<l«  and  even  by  organic  subsiance>.     Lastly,  MuO^ 
s  very  volatile  golden-yellow  crystalliue  solid,  BMiltlBf  ttSt  * 
and  boiling  at  about  100^ 

Ruthenium  fonns  three  chlorides:  RaCtf,  which  iskoowal 
OH  an  insoluble  black  cryglslline  powdur  and  n»  formiof  ^ 
blue  solution  1  [£t>,]'7/«,  which  forms ydlow  «>lutioo«  ■ 
ble  compounds  with  ihe  alkalinii  chluridtx,  a«  C^^*"!]  '^  •  ^4 
lastly,  RttCli.  known  only  in  its  double  salts,  A'uC^.X 
hnA  RuClt.-2{NH^)Cl,  which,  like  tlio  domsspondiiij;  p 
ealt,  crystallizes  in  octoliedrong  (366),  botappfare  lo  bedMl 
phouti,  as  it  forms  under  ccrtaiD  condilioiis  iMzagooal  pfiaMft' 

When  HjS  is  pasned  tlirough  a  sdutioo  of  iJ>e  yellow  d 
ride,  it  partly  precipitutcs  the  ruthenium  as  n  atilphlih',  luj 
the  fame  time  it  partially  reduces  \_Rut\  Q^  to  Rn  • 
givo£  to  the  supernatant  litjnid  a  Qne  axurft-(>la«  < 
L'ffects  the  same  reduction,  and  tliis  reaction  b  rorj'  i;< 
cbaractei-istic, 

SGI.   OSMIUM  (0«=199.2).  — lolhemim. 
dition  in  which  this  metal  has  btwn  obtaimd,  it  bi-    ' 
21.4,  and  a  bhmh  tinge  of  color  rewnnbling  ihni  > 
has  never  been  fused,  but  it  elonly  volaiilisea  at  I'l 
turc  at  which  nillwnium  and  Iridium  mell.     Wh'-ii 
vided.  it  is  oxidized  by  nitnu  Dcid,bDt  la  tU  nior«  oto 
it  resists  even  aqun-regio.     When  boated  tn  a  cHrrii!^ 
oxidizes  much  more  readily  than  ruthenium,  pasiiiii: 
Ihe  highest  degree  of  oxidation,  0»0„  and  forming-    ■ 
compound  resembling  £u(?,.     Indeed,  whin   -■        ' 
\a  rery  combustible,  and  oven  whi>n  inmn:  i 
temperature  scarcely  exceeding  the  mrlil; 
its  strong  tendency  to  form  this  volatile  oxiii 
character  of  ilic  element     Its  oxides  and 
almost  precisely  both  in  composition  auil  ' 
thoBc  of  rutiieniiim.    The  three  luw«r  oxnii 
bnl  have  no  well-marked  ba«iic  cimracter.     4>.mi.-  i. 
OaOt,  a  onkaown,  but  potoMic  omiuUv,  K^OiOi' 
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isily  be  obhuDed  in  large  rose-colored  octahedrons.  Tlie 
pistilc  oxidts  OiOff  yiit  rtfeired  to,  forma  colorless  acicular 
FTSIbIs,  which  are  very  fusible  and  freely  soluble  in  water.  It 
dUs  at  about  100",  emitting  an  extremely  irritating  anil  delete- 
is  Tapor,  whose  pun<;eiit  odor,  resembling  thai  of  chlorine,  u 
y  cbaracteristtc.  Wlien  pulverized  otiniiuin  is  healed  in  per- 
itly  dry  chlorine  gas,  ibere  is  iiriit  formed  a  blue-blaek  buIjII- 
Ite  of  OiClj,  ftnd  afterwards  a  red  sublimate  of  OaCl,,  0- 
I  chloride  give^  a  dark  violet-blue  dilution,  while  o.'niie 
'e  gives  a  yellow  solution  ;  and  when  exposed  to  the  air, 
e  first  rapidly  clianirp*  lo  the  last.  By  the  action  of  reducing 
;nts  the  change  may  be  reversed.  All  the  chlorides  of  osmium 
in  double  salts  with  the  alkaline  chlorides.  The  most  inler- 
ittg  are  the  compouiuU  corresponding  to  poiassio-plalinic  chlo- 
I,  OtCl,  .  2K01,  which  forms  beautiful  red  octahedral  crys- 
,  sparingly  solnble  in  water,  and  [0*JC'^, .  6A'C/ .  6ffaO, 
ch  resembles  a  characteristic  Rhodium  compound  mentioned 

862.  RHODIUM  (Rh  =  104.4)  is  a  very  hard  grayish- 
lile  metal,  barely  fusible  in  an  oxjhydrogen  flame.  Sp.  Gr. 
a  fusion  1 2.1.  It  is  imperfectly  malleable,  but  when  alloyed 
h  platinum  may  be  en-iily  worked.  The  pure  metal  is  insot- 
e  in  adds,  although  when  alloyed,  in  not  loo  large  ijuaniiij, 
h  platinum,  copper,  bismuth,  or  lead,  it  dissolves  with  them 
squa-regia.  Although  unalterable  in  the  air,  rhodium  com- 
a  both  with  oxygen  and  chlorine  at  a  red  beat.  It  is  read- 
'oxidiEed  by  fusion  with  nitre  or  peroxide  of  barium.  Fused 
1  potHSsic  bisulpbate,  it  is  converted  into  soluble  rhodio-pu- 
k  sulphate,  and  when  healed  with  sodic  or  basic  chloride* 
.  cutrent  of  chlorine  gas,  it  yields  various  double  sails,  which 
e  like  wise  easily  soluble. 

Although  seveml  oxides  of  rhodium  have  been  tiisiiii(>i(iiiheil, 
t  only  one  which  as  yet  has  been  well  defined  is  RluOg.  Rho- 
B  Oxide,  and  this  compound  evidently  marks  the  prevailing 
■Btiralence  of  the  element.  In  this  condition  rhodium,  un- 
B  the  eli-mcnln  with  which  it  is  associated,  appears  to  be  a 
BU-Binrkcd  basic  radical,  farming  stable  salts  with  several  of 

Thus  we  have 
Rbodic  Hydrate  [AA,]IO^'/4 

^^"    "c Acetate  [i?AJ!0,l(C^,0)».5ffA 


[iSB 


lUiodic  Mitrnte 
Rliodic  Sulphite 
Ehodic  Sulphate 
Fotassio-rbodic  Sulphate 


[«*JIO,l(JfO,), .  iH,0, 
[ff*,]10,l(S0).  .6*10, 
[filJ10,I(.S0,),.l!Jll 


i 


In  like  manner  ihe  only  well-deHned  <'ompound  of  rhodii 
and  chlorine  is  [ff/ijJICTo,  a  brownish-ri'd,  iiidifleri-tii  liody, 
soluble  in  :ill  actdd  atid  alkalies.    A  eolutioii  ol  liie  diluri<lt  waj 
be  obtained  by  dissolving  RjO,  in  hydrochloric  acid,  and  ina^, 
this  several  well -crystallized  soluble  double  dilorides  maj 
prepared,  aa 

Polafsio-rhodic  Chloride  [fi/i,]  Cl^  ■  CSa  .  eif,0, 

SodJo-rhodio  Chloride  [-ffAJ  tV,  .  GXaCt .  2iH,0,  ^ 

They  all  have  a  ruby  of  rose  color,  whenee  the  metal  tnkMJg 
name,  from  potav,  a  row. 

3G3.  IRIDIUM  (/r=19G)U  a  very  hard,  while,  I 
mctal>  Though  even  lesa  fusible  than  rhodium, 
midied  on  lime  with  the  oJtyhydrogen  flame  and. by  the  v 
arc  Sp.  Gr.  after  fusion  21.15.  Tlie  pure  metal  ie 
on  by  any  acid,  but  when  alloyed  with  platinum  it  diuoln 
aqiia-regia.  It  may  also  be  rendered  soluble  by  fusion  villi 
kaline  reagents,  under  the  same  conditions  as  rbodium.  Oij 
in  very  fine  powder  it  does  not  osidizo  when  heated  ii 
It  forms  two  principal  oxides, /r,0,  and  /r Op  and  the  C 
sponding  liydraiea  are  readily  obtained.  The  hydmlea  di» 
iu  acids,  but  do  not  form  doGnito  oxygen  nalis  uiilesa  tt 
with  other  basic  radicals.  There  are  also  chlorides  corruiMQ  J 
10  the  oxides,  which  form  crystalline  double  salts  with  iLe^ 
line  chlorides,  closely  resembling  the  similar  com]K)iuda  a] 
desoribt'd.     Thus  we  have 


Fotassio-iridous  Chloride 
Sodio-iridous  Chloride 

which 


[/r,]CT,.eA'CT.6ff,0, 


the  radical  [fr^]!,  and  also 

PotasBio-iridic  Chloride  IrCl,  .  2KCl^ 

Sodio-iridic  Chloride  IrCI^ .  2A«CT  .  S^Oi 

liich  conlain  the  radical  /rf,  the  last  ckss  being  lea>  e 
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mn  the  fiist.  Most  of  the  compounds  of  iridium  hnve  a  strong 
iloring  power,  tho^  coDtaininfj  tlic  radioal  [/r^]!  giving  in  gen- 
■ai  grecQ,  und  those  coaUiniiig  tlii;  radical  /H  red  dilutions. 
be  iridlu  cumpound§  are  tbe  most  stable,  but  under  the  action 
'  reducing  or  oxidizing  agents  one  condition  of  the  element 
p&''sed  into  tbe  other,  and  the  changes  of  color  which 
take  plus,  giving  under  diSerent  conditions  beaulil'ul 
of  purple,  violet,  and  blue,  are  very  striking  und  char- 
Hence  the  name  Iridium,  from  m<,  fAe  rainbaw. 
[nder  certain  circumstances  thk>  element  appears  to  manifest 
ill  other  degreea  of  quanti valence,  and  cunijionnda  containing 
Olb  /r'nnd  /rl  have  been  distinguished,  the  last  acting  as  an 
sid  radical  in  the  product  obtained  by  fusing  indium  with  nitre, 
'Ueh  gives,  with  water,  a  deep  blue  folulion,  and  is  supposed  to 
Wtain  tbe  com[iouud  Kj-O^^lrO-ii  but  our  knowledge  on  this 
ibject  li  still  very  imperfect. 
364.  PALLADIUM  (™=  106.6).  Sp.  Gr.  =  11.4.— 
"hid  brilliant  while  metal  resembles  platinum  more  cloudy  than 
illier  of  its  ossocialea.  Although  best  known  as  a  subordinate 
of  platinum  ore,  it  has  also  been  found  (in  Bruzil) 
Mire,  in  masses  ol'  considerable  size.  Jt  ia  harder  than  plat- 
iiun,  hos  less  tenacity,  and  is  not  so  ductile;  but,  nevcnbeles?, 
,  on  be  wrought  with  facility.  It  cannot  be  fused  in  an  ordi- 
■ry  wind-fumace,  but  before  the  compound  blow-pipe  it  melta 
(ore  readily  than  platinum,  and  if  heated  on  lime  is  slowly 
Dlalilized,  giring  off  a  green  vapor.  Like  the  noble  metals, 
B  oxides  and  chlorides  are  reduced  by  heat  alone.  Yet 
'icn  exposed  to  the  air  at  a  low  red  beat  ita  surface  be- 
MOW'  covered  with  an  iridescent  film  of  oxide,  which  is  dis- 
erapd,  however,  at  a  higher  temperature-  Pidiadium  is  acted 
a  by  chemical  agents  more  readily  than  platinum.  Though 
aly  slightly  attacked  by  pure  hydrochloric  or  sulphuric  acids, 
I  diesolvea  readily  in  nitric  acid,  and  also  in  aqua-rcgia,  or  in 
lalphuric  acid  when  mixed  with  a  small  amount  of  nitric  acid. 
IB  iU«o  rendered  soluble  by  fusion  with  alkaline  reagents,  un- 
r  the  same  conditions  aa  the  preceding  metals. 
Palladium  differs  from  the  associated  elements  very  markedly 
that  it  affects  most  readily  the  condition  of  a  bivalent  positive 
we  easily  obtain,  by  dissolving  the  metal  in  the 
iMtin]  adds,  the  two  following  ci^alalUne  salts: — 


EM«t. 


Palladioiis  Nitroto     (Bro 
FallmLious  Sul|i})ate       " 


Th<:  corresponding  lij-ilrate  ia  prccipitalvd  liir  >iHii;  rnf' 
IVom  Boluiious  of  either  of  these  ealu  na  a  '!■.-'-  '  - 
The  oxiile  PdO,  u  Hack  powilcr,  is  olitniii    : 
Iran;  lo  dull  redne:'«.    The  chloride  /'JtV  ■ 
cryMab,  wbun  a  solutioa  uf  lh(t  metui  iu  ..ij  . 
rated  10  drj'iiea?,  anil  hy  uniiiug  wiih  other  vLilui  t>I<.'i 
definite  prysialline  salts,  as,  for  eKiunpl^  PdCI,  .  2KCI, 
u  easily  obliiiiied  in  dull  yellow  prUmatic  ctyiOiU. 

Pulliidiuin  ulao  fornu  aouiliLT  cliisa  of  enmpoan(I~  i  i 
its  aliiina  are  qiindrivnlcnt;  but  tbfSL-  nru  nil  vurv 
Tbn  chlorido  PdCl,  has  nevur  bten  i.ooUlcd.  but  the    ■ 
PdCl,  .  2KCI,  nhii'h  has  been  obtained  in  T«d  ucUih'  -: 
tab,  attests  tbe  reUtioiiabip  of  iLU  dement  to  tliMi:  » i 
it  b  classed. 

But  of  nil  Ibe  characteristics  of  palladiiitn  the  iiir<.<[  t 
thy  is  tbe  power  irbich  ibo  metal  powes^es  of  ab«ui  In  < 
gen  gas.     It  appcan  fjom  the  recent  experimeuiis  ul    ! 
Graham  tltat,  in  the  condition  in  which  it  Ii  Otrpu«ii>  <i 
trolysis,  this  metal  will  absorb  or  "  orcludu  "  nearly  1 .'  ■ 
its  volume  of  hyilrogen,  which  smounts  to  alioat  tlir  < 
of  ona  per  cent  of  its  weight,  and'  in  other  cvadii.' 
metal   the  power  of  absorption  U  very  gr- -•    ■■'■' 
large.     Tbe  «mne  phcnumenon  to  a  \rai  -X 
observed  wiih  pbliniim  and  iron,  and  con 
'■occluded"  hydrogen  liava  been  diseoveii-'i  !■ 
leors.     The  gas  ilius  taken  up  by  ibene  lu^-iuls  u  i.:  : 
mechanically  condensed,  as  when  absorbed  by  charmul,  } 
peara  lo  be  in  a  state  of  partial  ehemintl  (^iniMniiri.-n  I." 
of  u  solution  or  an  alloy ;  for  we  find  ibai,  "    ■ 
ia  easily  nxpellejl  by  heat,  it  shnws  no  Im  ' 
n  vacuum.     The  gas,  however,  readily  pn- 
palladium  nr  plntinum  plate  hy  an  action  'in 
and  ihc^e  mcliils  seem  lo  partake  more  i : 
condition.     Hy  a  simihir  action  carbonic  • 
the  iron  walbi  of  fbmacc.s.  and  this  rJaw  <  ■  i 
fnrtlicT  Eaventigaied,  will  ondouhtedl;  ba  luuud  u  • 
gcncraL 
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WLcti  a  mass  of  palladium,  cbarged  as  above  descril>e<l,  is 
:x(H>s«il  l«  llie  air,  it  sometimes  becomes  suddenly  heuled  fiora 
tbe  osidalion  of  the  bjdrogen  il  cooiuiai^,  and  the  well-known 
power  of  platinum,  especially  when  finely  divided,  as  in  ihii 
condition  of  sp<mge  or  ihe  so-called  platinum  black,  lo  determine 
the  union  of  hydiogen  and  oxygen,  and  even  to  ignite  a  hydro- 
P>JI  jirl,  fogether  with  a  large  clasa  of  similar  elfecis,  may  be 
•Xplained  on  the  ^arae  principle. 

8G5.    Hniirogenium.  —  The  quantity  of  hydrogen  "occluded" 

T  palladium  amounis  to  nearly  one  equivalent  tor  each  equir- 

leot  of  llie  metal,  and  produces  a  marked  change  in  its  pliysical 

inalttieg.     The  volume  of  the  melul  is  increased,  its  tenacity 

TUi  conducting  power  for  eleclricily  diminished,  and  it  acquires 

t  slight  susc«!ptibiliLy  to  magnetism,  which  the  pure  metal  docs 

M  poEaess.     From  these  facts  Profojisor  Graham  infers  ibat 

be  metal  charged  with  ga8  U  an  alloy  of  palladium  and  metallic 

^drogen,  whicii  he  prefers  to  call  hydrogenium,  and  it  would 

kppear  that  in  Ihi^  remarkable  product  Ihe  antic ipali una  of 

U  in  regard  to  the  metallic  condition  of  hydrogen  have 

ealiEed.     If  this  inference  is  correct,  atid  if,  as  is  genep- 

(Dy  the  case,  the  volume  of  the  alloy  is  equal  to  the  sum  of  the 

olnmcs  of  the  two  metals,  then  the  Sp.  Gr.  of  hydrogenium 

flednued  fVom  that  of  the  alloy)  must  be  about  2.     The  chera- 

d  qualities  of  this  alloy  are  very  remarkable.     Il  precipitalea 

ircury  from  a  solution  of  its  chloride,  and  in  general  act^  as  a 

ong  nnluring  agent.     Espoied  lo  the  action  of  chlorinp,  bro- 

■iac,  or  iodine,  the  hydfugi-n  leaves  the  palladium  and  enters 

tlO  direct  union  with  these  elements.     Moreover,  from  a  pal- 

tdium  wire  cliarged  with  the  gas,  and  covered  with  calcined 

»  (to  render  the  flame  luminous),  the  hydrogen  burns, 

then  lighted  by  a  lamp,  like  oil  from  a  wick.     So  far,  ihere- 

),  aa  its  chemical  aeiiviiies  are  concerned,  hydrogenium  bears 

Kirlint  the  same  relation  lo  hydrogen  gaa  that  ojione  bean 

I  ordinary  oxygen.     Palladiuni  pUie  or  wire  i-t  most  readily 

mr^  with  hydrogen  by  imikiitg  it  the  negative  pole  of  a  gal- 

Hiic  battery  in  the  procesA  of  electrolyzing  water.     (Fig.  84.) 

a««.    PLATINUM.    ft  =  197.4.    ..'y..  Gr.  =  21.5.  — The 

"Rlded  ntn  of  this  metal  in  praciienl  chemistry  has  made  its 

«aniKe  familiar  lo  every  student  of  the  tcienec.     Platinum 

sails  lisve  been  of  tnealimable  v^ue  in  chemical  mv«tiTMt>' 


PLATINUM. 


[SSI 


tions,  on  account  of  the  infusibility  of  the  melnl,  and  ita  « 
dtsrtui  power  of  reslsliug  cbemicnl  agents.     It  not  only  dow 
oxidize  when  hetktt;d  in  the  uir,  but  none  of  iho  scidd  ain^f 
u[ion  il,  and  even  aqiia-regia  dissolTcs  it  but  bIowIjt,    Tbe  a 
b  viiiruded  wben  bealcd  lo  redness  in  contai.-t  witb  tbe  na 
ulkoJics  or  altuliue  wirths,  a>peciiilly  the  li^'drutes  of  lUh 
barium,  but  the  alkaline  chloride^  carbonates,  or  6ulpltat«s  i 
b>;  fused  iu  platinum  crucibles  wilbout  iujui'iug  tbeoi.    Dry  li 
rini!  bus  no  uclion  on  the  metal  at  any  leinperulure,  and  b 
oxides  and  the  chlorides  are  reduced  by  h<-at  alone.    PUtiii 
however,  readily  alloys  wilbBevcrul  uf  the  other  Nt:laU,and( 
niii!'!  be  taken  to  cuiiduci  no  operaiions  in  platiuuin  vc:s«gU 
which  a  lualble  metal  may  be  reduced.  Fhoajiliorus  and  sulpfi 
aUo  act  on  platinum  to  a  limited  extent. 

Platinum  u  very  ductile  and  malleable,  and  two  pieces  of 
metal  may  be  welded  together  at  a  white  heat,  aliliougb  toD 
it  the  leniperftture  of  the  osyhydrogen  flame  ia  requli 
Melted  platinum  absorbs  oxygen  from  the  air,  and,  lik«  sU 
(140),  spits  if  Guddenly  cooled.  The  same  [ibenomeDOD  I 
been  observed  with  palladium  and  rhodium. 

Platinum  affects  the  condition  both  of  a  bivalent  and  a  qua 
rivalent  radical,  but  its  aflinities  are  at  best  very  feeble, 
dissolved  in  aqua-regia  the  product  fii-st  formed  is  proM 
PtClf .  2HCI,  and  from  this  solution  a  large  number  of  » ' 
compounds  of  the  same  type  are  easily  obtained,  and  llieM : 
the  most  imgioriaut  compouuds  of  this  element.  We  ha.tv, 
esample. 


Bnrio-platJnic  Chloride 
Miisnesio-platinic  Chloride 
Sodio-platinic  Chloride 
Fotassio-p latin ic  Chloride 
Ammonio-platinic  Cldoride 


PtCl,.MgClt.6H,0, 


These  salts  have  all  a  characteristic  yellow  color  except  in 
few  cases  where  the  second  basic  radical,  having  itself  a  SU 
coloring  power,  modifies  the  result.  The  barium  aiKl  tai 
Baits  crystallize  in  prisms.  The  magnesium  salt,  and  ilia  i 
responding  compounds  of  cadmium,  zinc,  rujiper,  cobalt, 
maogancse,  which  are  isomorphuus  with  it,  i-ryslalllse  in  A 
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bobedrons.  The  potaBsium  and  aminaniani  salts  ciystAllize  in 
regular  octaUcUrom.  The  hydrous  ^alt^  are  oil  soluble  in  water, 
It  the  kat  iwo  are  nearly  insoluble  in  water,  and  wholly  iusol- 
iblv  in  alcohoL  They,  therefore,  cttn  easily  be  obtained  by  pre- 
rif>ltation,  and  on  iliis  fact  are  based  several  important  methods 
f  quaiitiuitive  analysis.  Moreover,  compounds  of  the  same 
Ancral  type  may  be  formed  with  almo.'it  all  the  organic  basea 
md  vegetable  alkaloidii,  and  they  furnish  one  of  the  eimplest 
EHiu  of  determining  ibe  molecular  weight  of  such  eubstaucea 

If  the  solution  of  platinum  in  aqua-regia  ie  evnporated  over 
waier-balh,  the  amarplioui  brownie h-red  residue  (•oluble  bolk 
1  water  and  alcohol)  may  be  regarded  as  PtC% ;  but  if  the  tem- 
«rature  is  raised  to  2U0'  one  Imlf  of  the  chlorine  escapes,  and 
lie  innohible  greenish -brown  solid  then  obtained  '\&  PtClf  Plat- 
aous  chloride  id  not  acted  on  even  by  nitric  or  eulphuric  acids, 
tut,  out  of  contact  with  the  air,  it  dissolves  unchanged  in  hydro- 
iric  acid,  although  platinic  chloride  is  formed  if  air  bos  accesa 
0  the  foluiion.  It  also  combines  with  other  metallic  alilorides, 
ng  a  large  number  of  crystalline  salts,  as,  for  example, 


Atnmonio-platinous  Chloride 
Fot&ssio-plalinous  Chloride 
Argento-platinous  Chloride 
Zinco-platinous  Chloride 
Bario-platinous  Chloride 


PtCl^.2KCI. 
PtCl^.iAgCl, 
PtCl,.ZnCt^ 
FlClt.JhC'U.aB^O. 


I'hese  salts  are  all  readily  preparea  from  the  hydrochloric  acid 
ilution  (PtCl.,.  2B^Cl -\-  Aq), and  are  generally  distinguished 
|r  a  red  color. 

367.  Phlinoui  Hydratet,  Pt-Ba^  which  is  obtained  as  a  black 
>wder  by  digesting  platinous  chloride  with  a  solution  of  caustic 
ih,  diuiolves  both  in  alkalies  and  acids,  but  the  compounds 
M  formed  are  very  unstable.  Platinous  nitrite  and  sulphite, 
■rtver.  form  cryslalliKahle  double  salts  with  several  of  the 
im  basic  radicals.  Philinic  Hydrate,  Pf^Nof,  prepared  indi- 
ily  ftwo  platinic  chloride,  is  also  soluble  both  in  acids  and 
[■UMi  The  compounds  thus  formed  are  all  unstable,  those 
wUeh  tlie  dement  acta  as  an  acid  radical  being  the  more 
Sako.    Platinic  sulpbute  and  platinic  niirale,  although  ihejr 
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have  not  been  crystallised,  are  easily  obtained  in  solntion, 
sulphate  by  evaporating  a  solution  of  the  chloride  with 
[iharic  acid,  the  nitrate  by  decomposing  tbe  Fulpliatc  witli  b 
nitrate.  Lastly,  by  cautiously  beating  tbe  liydnit«s  wo 
oblain  tbe  corresponding  oxides,  but  if  tbu  lemperature  exoi 
a  limited  degree  they  are  at  once  completely  reduced. 

By  acting  on  difforeni  platinum  ^alta  with  ammonia,  k 
mnrkahle  class  of  com])ound8  have  beea  obtained,  wbich 
best  regarde<l  as  sails  of  platinum  bases,  and  iu  fonnvd  by 
coalescing  of  two  or  more  molecules  of  JI^  soldered  log« 
by  atoms  of  Pl^  or  PP,  although  they  probably  contain  in  i 
cases  more  complex  platinum  radicids.  Similar  compouod* 
also  been  formed  with  palladium  and  iridium;  but,  alibi 
highly  interesting  subjects  of  study  on  account  of  ibeir  nuni 
types  and  complex  eonstitution,  this  new  class  of  mnmoniM  1 
illustrate  no  principles  not  already  fully  discussed,  nnd  f 
description  of  them  we  must  refer  to  more  extended  work*. 


QMSfioni  and  iVoJ&m*. 

1.  Calculate  the  percentage  composition  of  platinum  ore,  et 
nating  from  the  resulta  given  in  (359)  the  quantity  of  iridoHuiaa 
sand  with  which  the  ore  is  mixed. 

2.  Explain  the  old  method  of  working  platinum  ores,  and  illoKi 
tbe  various  steps  in  tbe  process  by  reaclious.  To  what  extent 
the  associated  metals  precipiutted  by  amnionic  chloride? 

3.  Point  out  tbe  relationibip  between  the  platinum  motab  i 
iron.  Compare  also  tbeais  elomcnts  with  each  other,  and  confl 
especially  tbe  characteristics  di»tingui»hing  the  three  groups  j 
which  they  have  been  divided  in  Tahle  11. 

4.  By  what  characters  are  the  platinum  roctal.i  as  a  clan  ch> 
marked  ?  M^e  a  table  which  will  bring  into  conipariMn  tbe 
feroat  doable  chlorides  of  these  elements. 

5.  ExpUin,  on  the  principle  of  dialj-sia,  tlie  tranT'iuisaion  of  liy^ 
gen  gat  through  the  walls  of  a  heated  palladium  or  platinum  td> 

6.  Regarding  the  hydrogen  condenseil  by  platinum  as  chen^ 
combined  with  ihe  metal,  cannot  you  find  in  this  ciivum-rtaaM 
explanation  of  the  enhanced  energy  of  the  gas  whan  in  Ontvlt 
tioD.  Consider  ihe  polari;iation  of  tbe  negative  platinum  niMii 
voltaic  cell  as  an  illiutration  of  the  same  principle. 
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7.  Show  in  wliat  waj  the  platinic  salts  m&j  be  used  to  determine 
the  molecuUr  weight  of  an  oi^ganic  base,  and  give  an  illustration  of 
the  principle. 

8.  Write  the  reactions  hy  which  platinic  sulphate  and  nitrate  maj 
be  prepared. 

9.  Write  the  reaction  of  a  solution  of  platinic  chloride  on  a  solu- 
tion of  potassic  nitrate*    Platinic  nitrate  is  one  of  the  products. 

10.  Write  the  reaction  of  sodic  carbonate  on  a  solution  of  platinic 
sulphate,  assnining  that  the  chief  product  is  platinic  hydrate. 

11.  Write  the  reactions  by  which  platinous  hydrate  may  be  pre- 
pared. 

IS.  VThen  platinous  chloride  dissolves  in  hydrochloric  acid  in  con- 
tact with  the  air,  what  is  the  reaction  ? 

IS.  Make  a  scheme  illustrating  the  constitution  or  relations  of  the 
more  important  compounds  of  the  platinum  bases. 

14.  Explain  a  method  of  separating  the  platinum  metals  hoax 
each  other. 


JMvisions  XVn.  to  XIX. 

SG8.   TITANIUM.    7^  =  50.  — Telra.I.      No  oonm 
con-esponding  to  a  lower  degree  of  quant ivul en ce  . 
t&inij  known.     A  comparalively  rare  element,  but  not  tl 
queotl}'  a^i-oeiatcd  with  iron.     The  mo^l  abundaat  n 
pound  is  Menaccanite  or  Tilaaifwous  IroD,  whose  t 
alreaily  been  given  among  the  iron  ores.     This  miiienE,  b 
ever,  is  in  most  cases  an  isomorphous  mixture  of  (TV-i 
and  F«jO,.  sometimes  containing  also  magnesium  and  mn 
nese,  and  ilius  arise  the  numerous  varieiies  wbich  hare  t 
distiaguished.     The  other  important  compounds  aro 

Ruiile,  Brookite,  and  Octahedrite  (2d  or  4ih  System) 
Perofskite  (Rhomboliedral)  Ca=t 

Sphene  {MonocUoic)  {CaOTiyO^ 

Titanium  u  aho  associated  with  columbium,  lantalum,  o 
jttrium,  and  zirconium  in  a  number  of  rare  raiuerala. 

369.  Meta/Iie  Titanivm  has  never  been  obtained  an  t  B 
eire  metal,  and  ila  properties  are  very  imperfectly  known, 
forrai-d  by  decomposing  tlie  pota^io-titanie  fluortile  with  p 
eium  it  is  a  dark-green  powder,  showing  under  iha  micr 
the  cnlor  and  lustre  of  iron.     In  this  condition  il  is  very  o 
buscible,  readily  dissolves  in  liydrochloric  acid,  and  e 
posea  water  at  the  boiling-point 

370.  Tetanic  Chhride,  TiClf,  ie  obtAined  by  pRsrfng  cttlot 
gas  through  an  intimate  mixture  of  titaaiu  oxidi;  and  c 
tensely  healed.  It  is  a  heavy,  colorless  lii^uid.  boiling  at  t 
and  yielding  a  vapor  whose  Sp.  Gr.  =  dS.iiCi.  Expoised  fl 
air  it  absorbs  moisture,  and  gradually  solidiftes.  forming  a  o 
talline  hydrate  which  readily  dissolves  in  water.  Fro 
solution,  if  Hulficiently  dilute,  almost  the  whole  of  the  tiU 
is  precipitated  ai  a  hydrate  on  boiling,  and  the  san 
the  solution  formed  liy  dissolving  the  native  oxiilcE  (oAQr  ft 
with  an  alkaline  carbonate)  in  hydrochloric  acid. 

371.  T^lanout  Chtnride,  Ti,Clt,  is  fonned  by  passing  a 
lure  of  SiOl,  and  JHIIt  through  a  red-hot  porcelain  tube.  1 
compound  is  thus  obtained  in  dark  violet  scales,  which  r 
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ffissolve  in  water  fDrming  a  violet  solution,  but  in  Mntact  with 
the  air  this  Eolulioii  gradually  loaes  its  color  and  deposits  titanic 
If  draCe.     Tbe  same  color  ia  producetl  by  boiling  with  tin  a  «o- 
tlian  of  titanic  oside  in  bydrachlunc  acid,  and  ibis  reaction  ia 
be  best  test  for  litaninm.     The  solution  of  litanoua  chloride  is 
,  ?cry  powerful  reducing  agent,  which  indicates  that  the  radical 
7Vy]l  is  not  a  stable  condition  of  ibe  element. 
372     Tilaiiic  Bromide,  and  Iodide,  TiBr^  and  Til„  are  fusi- 
Iq  and  volatile  crystalline  solids. 
873.    Tilanie  Ftuoride,  TiF„  is  a  fuming,  colorless  liquid) 
by  distilling  a  mixture  oC  fluor-spar  and  titanic  oxide 
'itfa  snlphurie  acid.     This  compound  ia  resolved  by  water  into 
duble  hydro-tilanic  flnnrlde  anil  insoluble  tilanic  onyfluoride. 
574.   Hsdro-tilanie  Fluoride,  TiF^ .  HiF,  is  the  acid  of  a 
clasa  of  salts  which  are  easily  made  from  the  solution  pro- 
duced as  just  staled.      The  ammonium  and  putnasinm  salts, 
which  are  the  most  important,  both  crystallize  in  white  anhj- 
ons  scales. 

875.    Titanic  Hydrates.  —  Alarge  numberof  these  hydrates 

liave  been  distinguished,  and  they  affect  two  very  different  mod- 

iftatlions.     Those  obtained  by  precipitation  with  ammonia  read- 

~  t  dissolve  in  acids,  and  when  heated  are  converted  into  ibe 

ihydride  with  vivid  incandescence.     Those  obtained  by  boil- 

g  diltile  solutions  of  the  chloride  or  sulphate  are  in.-oluble  in 

I  Bcids  eicept  strong  i^ulphurie.     They  give  off  wnler  more 

readily  than  the  others,  and  the  dehydration  is  not  attended  by 

:he  (lame  incandescence.     The  compOBilion  of  these  hydrates 

depends  on  the  lempei-aiure  at  which  they  are  dried,  and  they 

may  be  regarded  as  derived  from  the  normal  hydrate  Ly  tha 

method  repeatedly  illustrated  and  expressed  by  the  general 

•qualiun 

nTiUo,  —  mff,O=(0„Ti,)/fo^_^  [353] 

two  modifications  have  been  obtained  in  the  same  degrees  of 
rdnilion,  and.  so  far  as  known,  they  are  isomeric.  Moreover, 
'  dialysis  a  pure  aqaeous  foluiion  of  titanic  hydrate  lio^  been 
ired,  which  gelalini/cs  when  concentrated,  and  evidently 
aialns  the  compound  in  a  colloidal  condition. 
878.  7\'i«nic  Oxidt,  TiO„  is  chiefly  interesting  from  the 
iTt  that  it  affects  three  different  mod ifi cations,  which  are  rep- 
led  Id  nature  by  tbe  minerals  RutUe,  DroaUto,  and.  Qtiuk- 
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hedrile.     These  three  isomeric  bodies  differ  from  each  ffl 
cryelallinc  form,  in  deosity,  And  in  Lardnees,     Butile,  ihsa 
atiuoOunl,  Ita^  the  grcalesi  IianlnPse  auil  densitjr.     lu  a 
are  tetragonal  and  i:>omDrphoua  with  lliose  of  SnOf, 
which  standi)  next  iu  hardness  and  donaliy,  afftvts  fortoA  of  9 
orthorhombic  Bj'Btein>  which  are  a p proximately  isomorpbou 
thoee  of  Mn  Or    La^tlj',  Octahvdriie  is  Bul'tt-T  and  less  d 
than  eillier  of  the  others,  and  ila  crj'^rals.  aUhouglt  tetra 
differ  esfentiully  from  tho^e  of  Rutile.     (Prohbm  2,  pagi  id 
The  sjime  differences  hiive  been  ohscrred  in  crysiMJs  «' 
ai'lificially  by  decomposing  TiF,  or  lYCl^  with  sienm,  u 
found  that  the  nature  of  the  product  dcpeuds  on  the  tcinn 
at  which  the  reaction  takes  place,  the  hardest  and  most  d 
crystals  being  formed  al  the  higlieet  tcraperulure. 

In  its  densest  condition  titanic  oxide  has  n  red  color,  i 
insoluble  in  all  acids;  but  the  while  anhydride,  obtained  t 
jiiting  titanic  hydrate,  is  eonverli^d  into  a  sulphate  wbon  h 
with  strong  sulphuric  acid,  and  may  then  be  dissolved  in  « 
The  native  osides,  also,  may  be  rendered  soluble  by  fasioB  W 
alkaline  carbonates  or  bisulphates.  It  melts  before  tha  e 
pound  blow -pipe. 

377.  TUanous  OnV/e.  7V,0„  is  obtained  as  a  black  I 
when  a  stream  of  hydrogen  is  passed  o>-er  i<:niled  TiO^  I 
diMulves  in  ."ulphuric  acid,  forming  a  violet  solution,  from  wlj 
the  alkalies  precipitate  a  brown  hydrate.     A  similar  rvdudj 
takes  place,  and  the  same  violet  color  is  produced,  ' 
dissolved  in  fusi.-d  borax  or  microc'osmic  ftjlt,  and   the  I 
heated  l>efore  the  blow-pipe  ou  charcoal  in  contact  wiUi  a  « 
globule  of  tin. 

378.  Titamc  Sulphide,  TiS^  is  formed  in  lat^,  bniss-yt 
lustrous  scales  when  a  mixture  of  13^  and  'l?i"3l,  i 
through  a  glass  tube  heiited  to  incipient  redness.     It  ii 
posed  by  water,  and  cannot,  therefore,  be  obtained  by  n 

379.  Nitridci.  —  Titanium  has  a  marked  affinity  for  ni 
gen,  and  combines  with  it  in  several  proportions.     When  4 
ammonia  gas  is  passed  over  TiCl^  it  is  rapidly  absurbeil  n 
great  elevation  of  temperature,  and  the  resulting  browi 
powder  has  the  symbol  (/T^iV^Tt'j'CT,.     This  compound,  hi 

mmoniu  giis.  yields  a  copjier-colarctl  suIm 


a  stream  of  ai 
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wliich  Is  tli6  oitride  Tijff  and  this,  when  fiirtlier  heated  in  a 
imrent  ot  liydrogen,  is  converted  inlo  a  second  nitride  (  Ti^J) 
Iwving  ft  golden-yellow  color  and  metallic  lustre.  A  third  vio- 
let-colored aiiride  lias  the  aymbol  TV^^  Lai<tly.  llie  very  hard 
sopfier-colored  <7ubic  crystals  MimedtriKa  found  luUieiin^  lo  the 
9  of  iron-furnaces,  and  formerly  miataketi  for  melallic  Itta- 
■igm,  have  the  composition  expressed  by  ihe  symbol  Ti^CN'^. 
880.  TIN.  Sn=illS.  —  Jiivale>Ua>i<iQitaf/riitihnt.  Tbe 
t  stable  condilion.  Tbe  only  valuable  ore  of  (in 
I  die  oxida  SnOt,  called  in  mineralogy  Cui^eiterile  or  Tin 
>.  and  this  is  found  at  but  few  localities,  chiefly  in  Com- 
mII,  Utdncca,  Bolivia,  Australia,  Bohemia,  and  Snxony.  Thi^ 
jut  is  also  an  esseutial  constitueni  of  Tin  Pyrites  [Zrt^ft], 
FO<i]iiS^.^n,  and  is  associated  with  columbium,  tilaniunj,  tir- 
^-'loiuin.  &C-,  in  a  few  rare  minerals,  but  its  range  iu  nature,  ao 
g  as  known,  h  very  hmited. 

The  metal  is  obtained  by  reducing  the  native  oxide  with  coal  i 
t,  although  in  theory  so  simple,  this  process  is  in  practice  quite 
OMDpUcale'l.  The  ore  requires,  previous  to  smelting,  a  pro- 
iBOged  mecbanicnt  irentmeiit,  and  in  the  furnace  a  large  amount 
of  metal  passes  into  the  slags,  which  iherelbre  have  to  bo  worked 

381.  MtialUc  Tin  has  a  familiar  white  color  and  bright  lustre, 
la  a  crystalline  stmclure,  and  the  breaking  of  the  crystals 
■^n«l  each  other,  when  a  bar  of  the  metal  is  bent,  produces 
"  e  peculiar  eound  known  as  the  cry  of  tin.  By  slowly  cooling 
e  fused  metal  dbtinet  crystals  can  be  obtained,  which  belong 
Hhe  tPtragonal  system.  The  tenacity  of  tin  is  feeble,  but  it  ' 
1  rieadily  be  rolled  and  beaten  inlo  thin  leaves,  which  are 
*ell  known  under  the  name  of  tin-foil.  Sp.  Gr.  =;  7.3.  Melts 
It  222°.  Boils  at  a  while  heat  Inferior  conductor  of  heat  or 
(^eetricity. 

Tin  does  not  tarnish  in  a  ni 

n  sulphur,  but  when  melted  ii 

A  R  red  heat  ili'composes  sleam. 


it  atmosphere  which  is  free 
le  air  it  slowly  oxidizei^  and 
Ilydrocblorie  acid  dissolves 


metal  rapidly,  the  products  being  siannous  chloride  and  hy- 
Ogen  gas.  Il  n!-io  dissolTCS  slowly  when  Imiled  wilh  dilute 
Ipburic  acid,  yielding  stannous  sulphate  and  liberating  hydnv- 
a  tt>  before.  When  the  sulphuric  acid  is  concentrated.  SO, 
v6i  anil  stannous  sulphate  formed  only  so  long  ns  the  tin 


;  of  mirrors  u 
besutifiil  lustn 
:?  much  ii«cd  fyt 
t  made  uf  sbiM- 
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is  in  excess.  If  the  and  U  in  excc^  sntphur  separates  and  Un 
product  ia  staunic  sulphate.  Very  strong  nitric  aci<]  does  dm 
act  on  Uie  metal,  but  when  somuwliat  diluIeU  fl  conceiU  ihe 
tin  into  a  white  hydrate,  insoluble  in  an  excess  of  ilie  adiL 
Aqua-regii»,  ii'  not  too  concentrolcd,  dissolves  tin  as  siamue 
chloride,  and  the  alkaline  hydrates  and  nitrates  also  act  upoa  it 
at  a  high  temperature. 

Tin  unites  directly  with  most  of  the  noD-melallic  ell.•tneI1I^ 
and  forms  alloys  wiih  many  of  the  metals.  The  alloys  with 
copper  have  already  been  menlioneii.  Pewter  and  plumber') 
solder  are  alloys  of  tin  and  lead.  Britannia  i  ' 
brass,  tin,  lead,  and  bismuth,  and  the  sijverii 
amalgam  of  tin  and  mercury.  On  nctrouni  of  i 
and  power  of  resis^ng  atmospheric  agents,  tin 
coating  other  metals.  Tlie  common  tin  ware 
iron  thus  protected. 

382,  StannoM  Chloride.  Sndf  —  The  anhydrous  ana- 
pound  (butler  of  tin)  obtained  by  ht-ating  mercuric  chloridt 
with  an  excess  of  tin,  or  by  healing  the  metal  in  liydrocbbde 
acid  gas,  is  a  fusible  white  solid  with  a  fatty  lusine.  soluble  b 
water  and  alcohol.  The  hydrous  salt  (tin  salts),  formed  ty 
cryalalliiing  the  solution  of  tin  in  hydrochloric  acid,  has  iL> 
pymbol  Sn  CI, ,  21/^0.  The  pure  crystals  dissolve  periVttly  i> 
a  small  amount  of  water,  free  from  air,  but  a  large  amount  of 
water  produces  a  partial  decomposition. 

(2SnCI,-\-SII^0+  Aq)  = 

Sn,OCt, .  2e<0  -f  (2ffCl  -I-  Aq).  [35*] 
So.  also,  when  the  solution  is  exposed  to  the  air. 
(RSnClj  +  iff.O  +  Aq)  ■+.  ©O  = 

2(Sn,OCI, .  2|l,0)  -f-  (2SnC!,  -f  Aq).  [3W) 

The  oxychloride,  which  is  milk  white  and  insoluble  (evenb 
dilute  acidK),  renders  the  solution  in  both  cases  turbid.     Fw» 
'  hydrochloric  acid,  tartaric  acid,  and  sal  ammoniac  pi .  .    i  ■  rhi 
decomposition.      Owing  to  the  unsatisfied  nffinitiL-s  <■: 
radical,  stannous  chloride  is  a  powerful  reducing  a:;rjr 
and  is  much  used  fortius  purpose  both  tn  the  latv.i-,- a;  ^.i 
the  dye-house.     It-  also  acts  ss  a  mordant.     Lastly,  it  LsW-J 
Baits  with  several  ot  \,\wt  n\eVu\\\«.  ?,tib:»\(les. 
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PotDwio-fitannous  Cbloride        SnCl^.^KCl.  (1,  2,or  S/Z^O), 
Buio-sUmnoua  CLloride  SnClfBaClf  ^H^ 0. 

883,    Stannic  C/iloridt,  SiCT„  may  be  made  either  by  dia- 
ling ft  mixiure  of  tin  and  niercnric  chloride,  Itic  last  being  in 
excess,  or  by  beatiug  tin  in  chlorine  gas.     It  is  a  colorless,  fum- 
ing liquid,  boiling  at  115",  and  yielding  a  vapor  whose  Sp.  Gr. 
=  132.7.    The  liquid,  exposed  U>  the  air,  eagerly  absorbs  moist- 
and  changes  inio  a  crystalline  solid.     When  miaed  wiili 
VftCer  intense  heat  is  evolved,  und  a  solution  formed  which  yields 
on  evaporation  rhombohedml  crystals  of  SnClt .  hH,0.     These 
MTBtals,  dried  i»  vacuo,  lo^e  ^H,0,  and  there  is  rea^n  lo  be- 
that  the  remaining  2/^,0  iire  a  part  of  the  taolecule  of  the 
If  ne  regard  the  atoms  of  cbtortue  aa  trivaleni,  we  can 
easily  «ee  that  such  an  atomic  group  would  be  possible,  tor  we 
might  then  have  the  univalent  radical  {/I-Ct-Cl)  =  ffcl  re- 
pbdrtg  J{o,  and  the  symbol  of  the  dried  salt  would  be  written 
"■    'Hoj,Hd^      The  same  principle  may  be  applied  in  other 
w  where  the  violence  of  the  action  indicates  that  a  chemical 
Ml  ba»  taken  place  between  an  anhydrous  chloride  and  water. 
Such  bodies,  however,  may  also  be  regarded  as  chlorhydrinea 
ifiiV),  lo  which  molecules  of  UCl  are  uniied  in  place  of  water 
Af  dTstaUixBiion.    Thus  the  symbol  of  the  hydrous  chloride  we 
baTfi  been  discus-sing  might  bo  written  SntCl^Ho^ .  2HCI. 
Although  stannic  chloride  forms  a  clear  solution  with  a  small 
nount  of  water,  copious  dilution  determines  the  precipitation 
'  the  greater  part  of  the  tin  as  an  insoluble  stannic  hydrate. 
teat  favors  this  decom[iositioa,  and,  on  the  other  hand,  the  pres- 
of  a  large  excess  of  bydrochloi-ic  acid  prevents  it.     Slan- 
Dtc  chloride  unites  wJib  a  considerable  number  of  bodies  both 
(ffganle  and  inorganic,  and  forms  double  salts  wiih  «e?er(il  of 
metallic  chlorides.       Ammonio-atannic  chloriile,   Sn  CI, . 
iJffftCl  (pink  salts  of  the  dyers)  is  isoraorphou^i  with  the  cor- 
TMpociding  compound  of  platinum.     An  impure  solution  of 
knoic  chloride,  made  by  dis^iolving  tin  in  aqua-rcgia.  is  also 
Mnaivelj  used  in  dyeing  for  brightening  and  fixing  certain 
d  colors. 

^ne  are  two  bromides  and  iodides  of  tin  corresponding  to 
■  chlorides.  There  is  also  a  stannous  fluoride,  and  although 
innic  flaoridc  has  not  been  isolated,  a  large  number  of  double 
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stannic  fluorides  or  flaastaniiBtes  are  known,  which  me  iMiiuo 
phous  with  the  corresponding  compounds  of  liuaium  and  tiliiMiL 

384,  SCanuout  Ilydratr.  —  The  precipilale  which  fulli  oo 
adding  an  alkaline  carbonatti  to  a  solution  of  staonoua  thlonda 
is  said  to  have  the  composition  Mo/i^Sot'O).  It  is  soluble  m 
bolh  alkalies  oud  acids.  Boiled  with  water  or  a  weak  salutioa 
of  potash  it  is  rendered  anhydrous,  but  if  boiled  wiih  ft  concen- 
trated solution  of  tbis  alkali  it  yields  potassic  ^tannate  and  me- 
tallic tin.  The  moist  hydrate  absorbs  osygeii  from  the  air,  uui 
acts,  like  the  chloride,  as  a  reducing  agent.  The  only  imporv 
tanC  oxygen  salt  oorreaponding  to  tlus  hydrate  ia  Etauuoat 
sulphate. 

385.  Slannic  HydraU,  like  titanic  hydrate,  afibcla  both  A 
soluble  and  an  insoluble  tuodiii cation.  The  hydrate  pret-ipitiled 
when  ammooia  is  added  to  a  solution  of  siunniu  chloride  du- 
solves  readily  bolh  in  aciils  and  alkalies,  while  that  obtained  b; 
boiling  the  same  solution  greatly,  diluted,  or  by  Acting  o:j  tiii 
with  nitric  acid,  is  insoluble  in  acids,  and  diasolvesje.-a  readily 
than  the  first  in  alkalies.  The  compusiiion  of  theee  bodiM 
varies  with  the  temperalure  at  which  lliey  are  dried,  and  Ikej 
are  usually  distingui^ed  as  stannic  and  roelu-staunic  hydratu 
Like  the  corresponding  cumpounds  of  tiiunium,  Ihny  may  In 
regarded  as  derived  from  a  normal  hydrate  of  either  dn&s  bj 
the  elimination  of  succosaive  molecules  of  water.  The  sails  ob- 
taioed  by  dissolving  stannic  hydrate  in  oxyg<?n  acid«  arc  unim- 
portant. The  sulphate  is  tlie  most  stikhle,  but  this  ia  conipleuJjr 
decomjwsed,  and  the  tin  precipitated  as  mcta-stannic  liydnn 
when  the  aqueous  solution  ia  diluted  and  healed.  The  alooa 
Sm  form  much  more  stable  compoundg  when  they  act  »»  acid 
mdicals.  The  nlkaliue  stannatea  crystallize  readily,  ami  both 
potassic  and  sodic  stannales,  {K  or  Na)fOfSnO  .  i/t,0,  an 
commercial  products  much  used  as  mordants.  Their  efficaef 
depends  on  the  fact  that  ammouic  chloride  and  all  ocidi,  ena 
the  CO,  of  the  atmosphere,  decomposes  tlicse  salts  when  in  *» 
luiion,  and  the  stannic  hydrate  thus  precipitated  in  the  6bn  of 
the  cloih  binds  the  coloring  matter. 

The  compounds  obtained  by  dissolving  meta -stannic  hydrate  io 
alkaline  solvents  cannot  be  crystallized,  but  are  precipiuUitd  on 
adding  to  the  solution  caustjo  potash.  The  pniassiuoi  aatl  thM 
ubiaincd,  dried  at  lltG".  has  the  cun)positiouA',^0,'^nsO,.<li^ 
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Jt  was  fomierlf  sapposed  that  the  pecaliar  qualities  oP  the 
nirti(-«tAnnic  hydrates  and  the  muta-Etannates  were  due  to  the 
Icmic  grmipicg  here  repi-esented,  but.  this  opinion  hns  not  been 
aiMlaiiied  by  recent  invcstigatioDS.  The  water  repi'eaented  as 
niter  of  crystallixslion  cannot  be  removed  ivilhuiit  decuoiposing 
^^  he  Ball,  and  is  evidently  water  of  conBlilution ;  so  that  we  have 
good  rea-'on  for  writing  the  symbol  //B,A','Ojoi(5njOj)  after  the 
type  of  the  normal  stannate?,  and  we  may  regard  it  as  an  es- 
mple  of  the  soluble  colloidal  hydrates,  lo  which  we  have  before 
referred  (337).  Tbia  view  harmoniEes  with  the  facts  thai  on 
Killing  an  aqueous  solution  of  this  compound  meia-^iunnic  hy- 
3mte  is  precipiiated,  and  that  by  diuly^is  a  solution  both  of 
nela-8tiinnic  and  stannic  hydrates  in  pure  water  may  be  ob- 
tained. The  two  c!u*-fr8  of  compounds  are  probably  isomeric, 
t  differ  in  the  degree  of  molecular  condensation. 

Oxidei.  —  Stannous  Oxide,  Sn  0,  amy  be  obtained  in 
iriom  way*,  and  its  color  differs  according  lo  the  mode  of 
reparatioS.  It  has  a  sirong  uiRnity  for  oxygen,  and  if  set  on 
a  when  dry  burns  to  stannic  oiide. 

Stannic  oxide  has  been  cry^lnlllzed  artificially,  not  only  in  the 
a  of  Tin-9lone  isomorpbous  with  Rutilc,  but  also  in  forms 
rphous  with  Brookite.     As  obtained  by  igniting  the  hy- 
Irate,  or  by  burning  metdllic  tin,  it  is  an  amorphous  white  pow- 
er.    It  offers  even  greater  resistance  to  the  action  of  chemical 
jents  than  710,.     It  is  not  attacked  by  acids  even  when  con- 
mtraled.     It  is  not  dissolved  by  fusion  with  alkaline  carbon- 
lies,  but  is  rendered  soluble  by  fusion  with  caustic  alkalies.     It 
R  ako  taken  up  when  fused  wiUi  acid  potassic  sulphate,  but 
eparates  completely  when  the  fused  mass  is  dissolved  in  water, 
over,  like  titanic  oxide  it  is  very  hard  and  infusible,  but 
e  that  it  is  reduced  to  the  metallic  state  when  ignited  in 
I  stream  of  hydrogen  gas. 

Besides  &I 0  and  SnO^  an  interraediale  oxide,  &i,0,  haa 
een  distinguished,  but  it  does  not  foni>  definite  suhs.  Dissolved 
I  hydrochloric  acid  it  gives  with  auric  chloride  the  beautiful 
loiple  precipitate  known  a^  Purple  of  Cassius  (147). 

B87.  Sulphidtt.  —  The  dark-brown  precipitate  which  fslla 
rhen  H^'k  passed  ihrough  an  acid  solution  of  a  stannous  salt 
I  &iSt  and  the  dull  yellow  precipitate  which  forms  under  the 
e  oiramuCancea  in  a  eoludoa  of  a  stannic  sail  is  a  hjdrat« 
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of  SnS^  The  last  of  ibese  dissolves  readily  in  ooliitioni  tif  ol- 
kitline  Bul))hi(le.i,  and  forms  with  lliera  definile  ealts.  Il  U  alio 
soluble  in  the  fixed  ulkuline  hydrates,  and  in  eitlier  case  is  ptr- 
cipitsted  unclianged  nhuu  (he  alkali  ii  neutralized  wiib  an  aol 
Slaiinous  i^ulphidc,  on  the  other  haud,  does  not  form  salrs  wilti 
the  alkaline  sulphides  "nd  docs  not  dissolve  in  solutions  of  tliex 
compound.',  unless  like  tlie  corauiou  yellow  ammonie  sulphidK, 
ihey  oonlahi  an  exce.^3  of  sulphur,  when  it  is  uonverCcd  inio 
£71^  and  as  such  is  precipitated  on  neutralixing  the  t 
Jc  does,  however,  dissolve  in  the  fixed  alkaline  bj'draiei,  1 
when  an  excess  of  acid  is  added  to  the  eolation  &  yeHow  |j 
cipitateof<$/i<S,  lulls,  eontaining  only  one  Imlfof  llie  tm  pre 

The  beautiful  yellow  fiuky  material  known  as  ni 
and  used  in  painting  to  Jmiiaie  bronxe,  consists  of  anlijrdr 
stannic  sulphide,  and  is  obtained  by  subliming  a  mixture  ofd 
sulphur,  sal-ammoniac,  and  mercury.     There  is  also  a  s 
sulphide,  StL,Si. 

388.  Compouitdt  teith  the  Alcohol  Radicals. ^T 
pounds  are  vei'y  numerous  and  highly  important,  iheoretica 
because  they  astablish  beyond  all  doubt  tlie  atomic  reLuian 
tin.  Compounds  have  been  obtained  containing  methyl,  et^ 
and  amyl,  either  singly  or  associated  together.  ThrM  G 
pounds  are  known  comaluing  only  tin  and  ethyl.  Put 
Et  =  (  CM^)  we  have 


Sn-Et„ 


{Sn^Et^y{Sn--Et^), 


SniEl^ 


All  three  are  colorless  oily  liquids.     The  last  is  tlie  n 
lioiliug  at  181°,  and  yielding  a  vapor  whose  Sp.  Gr.  ^  ll 
The  others  cannot  be  volatilized  without  decompoMtion,  ■ 
unite  directly  with  oxygen,  chlorine,  bromine,  and  iodine.  *" 
first,  especially,  like  other  stannous  compounds  acts  aa  a 
cing  agent,  absorbing  oxygen  from  the  air,  and  preeipituing  ■ 
ver  from  a  solution  of  the  nitrate.     This  is  the  only  al«i 
compound  known  among  this  class  of  bodies.     In  nU  the  o 
the  tin  atoms  exert  their  maximum  atom-fixing  power,  ( 
may  be  reganled  either  as  com{>oundB  of  the  radicals  (Stii 
or  (SnEi^-,  or  else  as  formed  from  staimiu  etbide  by  rtplaiJ 
either  one  or  more  of  the  atoms  of  ethyl  by  other  r 
The  following  are  a  few  examples: — 
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Siaono-diettiylic  Btoraide  (SnEt^yBrg 

Sianno-dii'thylic  OxiUe  ls,i£(,^yO, 

StannoMlietli^lic  Acetate  (Sna)-0/(C,i7jO)2, 

SianncMiitithylic  Sulpliate  {SnEt^yOj-SOa 

Stunno-trielhylic  Chloride  (SaEQCl, 

SlanQo-Irielhjlii;  Hydmle  (S»El^)-0-ff, 

SUiino-tritiliylic  Oxuie  (SnEi,)fO, 

Slanno-lriethylic  Cnrbonaie  {Sn£fi)/0,'CO. 

Tlie  methyl  and  tunyl  compounds  are  fonnod  afler  the  saoia 
antilogy,  and  alao  others  which  contain  both  methyl  and  ethyL 
These  compounds  are  eitlier  liquids  or  crystalline  Bolids,  Tha 
^loride^,  broniJdes,  and  iodides  are,  a§  a.  rule,  volatile  and  spar* 
Ini^jr  soluble  in  water.  The  oxides  and  oxygen  salti,  on  tho 
other  hand,  gertemlly  dissolve  freely  in  water,  and  are  more 
easily  decomposed  by  heal.  The  vapor  densities  of  several  of 
ScoinpoundB  are  given  in  Table  III.,  aod  this  list  might  be 
greatly  extended. 

^9.  ZIRCONIUM.  Zr  =  89.6.  —  Tetrad.  Found  only 
in  Zircon,  Eudialyte,  and  a  few  other  very  rare  minerals.  The 
dementary  substance  closely  resembles  silicon.  It  tnay  be  ob- 
>d  by  similar  reactions  in  three  corre'^ ponding  states,  amor- 
pboUB)  crystalline,  and  graphitoidal.  Amorphous  zirconium  is 
•  vwy  combustible  black  powder.  The  crystals,  Sp.  Gr,  4.15, 
jreoemhie  antimony  in  color,  lustre,  and  brittleness,  and  bum 
only  at  a  very  high  temperature.  The  graphltoidal  variety 
torai*  very  light  sleel-^ray  scales.  Zirconium  is  rery  infusible, 
ia  but  sligblly  attacked  by  the  ordinary  acids,  but  hydroHuoric 
ftcU,  and  ill  Mime  conditions  squa-regia,  dia.=oIve  it  rapidly. 

390.  Zirtontc  Chloride.  ZrCl„  is  a  while  volatile  solid  (Sp. 
Gf.^  117.fi),  which  dis-^olves  easily  and  with  evolution  of  heat 
in  water.  This  snlutinn,  or  ihe  solution  of  the  hydrate  in  hy- 
drochloric acid,  yields  on  evaporation  a  large  mass  of  wliite 
■ilky  needles,  which,  when  heated,  loae  water  and  hydrochloric 
id,  leaving  an  oxychloride,  Zr^OfCl^ 

891.  Zirconie  Fbwride,  ZtF„  is  likewise  a  volatile  white 
aolid,  and  Ibnns  a  crystalline  hydrate,  ZrFi .  SIIjO,  which  is 
decomposed  by  heat,  leaving  pure  ZrOf  Zirconie  fluoride 
linlteB  with  many  other  metallic  fluorides,  forming  sah«  which 
e  boini>nihou3  with  the  corresponding  compounds  of  silicon. 


tilaniam,  and  tin.     TLe  followtng  sj'mbols  illustntte  the  kaowi 

Cadinio-Kirconic  Fluoride  ZrF^ .  2  CrfJ",  .  6//,t>, 

Tripolassio-zirconic  Fluoride  ZrF^  .  3KF. 

DipoliwBio-zirconic  Fluoride  Zrt\  .  ZKF, 

Potasaio-zirconic  Fluoride  ZrFt .  KF .  Hfi, 

Sodio-iirconic  Fluoride  IZtF^  .  hSaF. 

892.  Zirconie  Hifdrate,  precipitated  from  ihe  chWidc  by 
aminonin,  and  dried  at  IT',  bus  llie  Hyinliul  Znllo^.  Dried  al 
a  biglier  temperaiure,  {ZrOyHt^  It  ia  a  jrellinvislj,  tr>i»lii> 
(*nl,  guinniy  mass,  having  a  coiichoidai  i'lSL-lure.  Tlie  livilntc 
predpitaled  and  na.'iliei]  cold  dli»olves  eaaily  in  addis,  uui),  very 
slightly,  evi^n  in  water;  but  when  preeipitaled  from  lini  t«lu- 
tioQs,  or  washed  with  hot  water,  it  di^sulvrai  only  in  conoan- 
tntted  anids.    Zirconie  hydrate  acts  both  as  a  bafe  And  an  Kid, 

There  are  several  stircoDic  sulphates.  Tbe  uonnal  ^alt  uaa 
be  cryE tall i zed,  and  the  formntion  of  a  basic  sulpliatc,  wliiclii) 
precipitated  when  a  neutral  solution  of  zirconia  in  sulpbarie 
add  is  boiled  nith  polassic  sulphate,  is  one  of  the  most  cborao 
terietic  reactions  of  zirconium.  The  salts  of  zirconiuin  liave  ai 
astringent  taste,  and  the  solutions  redden  turmeric  paper. 

The  precipitated  hjilrate  is  insoluble  in  caustic  alkallt^  but 
when  precipitated  by  a  fixed  alkaline  carbonate,  or,  beUi-r,  by  a 
bicarbonate,  it  disisolvcs  in  an  excess  of  the  rca^nl.  Tb«  alka- 
line zirconalea  can  be  obtained  by  fusion,  and  sereral  drliuiie 
cryBtuIlJne  zirconates  of  the  more  basic  ntdicats  lui\i;  been 
studied. 

393,  Zirronic  Oxide  (Ztreom'a),  ZrO^  U  obtained  by  beat- 
ing the  hydrate.  Prepared  at  the  lowest  possible  Icmpi^raiura 
it  forms  a  while  tasteless  powder  soluble  in  acida ;  but  wbeo 
heated  to  incipient  redness  it  glows  brightly,  beconiiig  deniwr 
and  much  harder,  and  is  then  inscJuble  in  any  acid  t^xeeptinj 
hydrofluoric  and  strong  sulphuric  Zirconia  has  been  cryital> 
lized  artiflnally  in  the  same  form  as  Tin-stone  and  Rutile. 

The  mineral  xircoii  is  usually  regarded  as  a  silicate  of  zk 
niura,  ZnOfSi,  but  the  symt>ol  may  also  be  written  [Zr.SiyO^ 
and  this  view  hnrmonizcs  with  the  fact  that  ibe  cry»iulline  fe 
ii  dmost  identical  with  ihai  of  ZrO„  &iOb  uad  IVO,     Mc 
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Ov«r,  several  isoinorphous  varieties  of  this  minenil  »re  known 
lUiilucoiie,  Oersiedite,  &<i,)  ia  which  the  proponiuns  of  Zr  auil 
Si  axv  quile  variable.  They  are  more  or  less  hjrlroii!),  aud  fur 
he  most  part  comparatively  aoft,  but,  like  pure  ZrO^  they  bc- 
nme,  when  heated,  exceedingly  hard  as  well  a«  more  dense. 

894.  ■fllOItlUM.  !rA  =  115.7.  — The  niiuerul  Thorite,  or 
)raDgeit(i,  is  eesenlially  a  hydrous  silicate  of  this  exceedingly 
are  mclidlic  element,  which  has  also  been  found,  but  only  as  a 
ubordinate  couiitituent,  in  Euienite,  Pyrochlore,  Moiiazitc, 
Sadolinite,  and  Onhiti:.  When  Thorite  ia  decomposed  by  by- 
iloric  acid  a  totutfon  of  Ciioric  chloride,  ThCl„'w  obtained, 
which  the  caustic  alkalies  precipitate  a  hydrate  insoluble 
an  ucoe^  of  the  rcag«nt.  A'similnr  precipitate  is  obtained 
ilb  ibe  alkaline  carbonates,  but  this  readily  dissolves  when  an 
■jcesa  is  added  to  the  solution.  In  the  same  solution  a  precip- 
ii  obtained  wilb  oxalic  acid,  potasaic  sulphate,  and  polasstc 
lynnide. 

As  ihe  above  reactions  Indicate,  Tliotiuni  is  allied  in  many 
t  ha  properties  to  the  melals  of  ihe  glucinum  and  cerium 
[roups,  hut  in  other  re^^pects  it  resembles  more  nearly  zirco- 
iam,  will)  which  it  is  here  associated.  The  anhydrous  oxide 
riiO,  is  a  while  powder,  which  glows  wlii^n  healed,  becomw 
lore  dense,  and  after  ignition  ia  insoluble  in  any  acid  except 
onceniraled  suljihuric.  It  has  a  high  specific  gravity,  and  by 
llsion  with  borax  has  been  obtained  in  tetragonal  crystals  (Fig. 
>7}  resemhling  tho^e  of  Tin-elone,  SnO^  and  Rulile,  TiO^ 
?he  anhydrous  chloride  is  volatile,  and  the  hydrated  chloride 
jrms  a  nidiaie  crysialline  mass  like  ZrCl,,  The  cliloride  may 
ie  reduced  by  sodium,  ami  the  meial  may  be  tliu^  obluiucd  as 
gray  lustrous  powder  which  readily  bums  in  the  air. 


Qu6llion$  and  ProUemi. 

Tiianivm. 

1.    Compare  by  mesns  of  frrapliic  symbols  the  composition  of  P»- 

fiilut«  uid  Uenaecauite.     Can  tliey  be  regarded  as  similarly  con- 

ItuMdf 

H.   Write  tlie  reaction  by  wliieh  titanic  chloride  it  made. 
3.  According  to  the  expcrimenla  of  I>idorePierTe,0.H2l.^g^wa?iuK 
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of  T%Cl^  yielil  3.15176  gramtnea  of  AgCl.  CulcnlaU)  llie  kUmie 
weight  of  titanium,  and  sUtc  i^lcarl}'  tbi:  course  of  reamninf  bf 
which  the  result  is  r«achecl.  Ans.  M).14. 

4.  Write  tlie  reaction  which  takes  place  when  a  dilute  iu|iieoai 
Bolution  of  TiCT,  is  boiled. 

5.  Write  the  reaEtions  wliich  take  phice  whi-n  n  wlutioa  oT  titanif' 
erous  iron  in  hf  druvliloric  at-id  is  hoilud  with  tin,  and  ciplais  Ibc 
UM3  (if  tliig  rcavtioD  aa  a  tust  for  titouiura. 

6.  Write  tha  reaction  by  wbitib  TiF^  is  prepared,  and  akatho* 
how  it  is  derompo«ed  by  water. 

7.  Rvprest'oC  the  L'onsiitution  of  hylro-utanii.''  Iluorideby  agntEi^ii 
symbol,  usuming  that  F  is  ir'ivalunt. 

S.   Ri<prcscnt  in  a  tabulur  form  the  poasiblo  titanic  hydratrs. 
S,   Do  the  hydralps  of  any  of  the  preceding  elements  prMcnt  pto- 
nomena  siniilur  to  ihoee  of  titanic  hydrate  ? 

10.  Write  the  reaction  by  which  TiS,  is  prepared,  and  also  Ac 
reactions  by  which  crystala  of  TiO,  may  be  obtained. 

11.  Compare  the  ipeciRc  gravities  and  bardneM  of  the  naura  !>■ 
tonic  o\ideK.  ^Vhat  would  thcae  diSercnci^s  indicate  in  rr^wd  It 
the  molecular  constitution  of  these  minerals  ? 

12.  Represent  by  graphic  fymbols  the  constitution  of  the  nil 
of  titanium. 

IS.  Point  out  the  analogies  between  titnnium  and  the  pkti&us 
metala.     Is  titanium  in  any  way  related  to  iron  'I 

Tin. 

U.  Write  the  reactions  of  hydrochloric,  nitric,  and  sulphuric  soil 
on  metallic  tin. 

15.    Write  the  reaction  of  Btannous  chloride  on  solulion  of //jf\ 

Ifl.   Write  the  reaction  by  which  anhydrous  SnCl,  is  ptvpar«l. 

IT.  Analyze  reactions  [354]  and  [355],  and  explain  the  uM  <if 
tin  salts  as  a  mordant. 

18.  Write  the  reactions  by  which  anhydrons  SnCl^  is  pn-paiviL 

19.  Represent  the  constitution  of  hydrous  rtannic  chloride  hf 
graphic  pymbols,  and  apply  the  same  principle  to  the  iat^rprrtaliDa 
of  other  similar  compounds. 

20.  Write  the  reaction  when  a  dilute  oqiicou!)  solution  of  (ti 
chloride  is  boiled,  and  explain  the  tue  of  this  solution  as  a  inon 

21.  Write  the  reaction  which  takes  place  when  stannom  hydcM 
is  boiled  witib  &  concen\jcBJt.Qd,  wjt,'a\Aci&  >^  ^cMsaia  h^drato. 


I^rnibob,  and  expliiii 
i  ngard  to  it,  aho* 
S6,  Write  tbe  re 
iride. 
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!£,    Make  a  table  exbibiting  the  poBfible  stannic  hjdrates,  and 
explain  tltu  tllfterenre  between  tbe  two  classes  of  ibese  compounds. 

53.  Write  tbe  reaction  which  takes  place  when  a  dilute  aijueoua 
•caution  oTsUDnic  eulphate  is  boiled. 

54.  Write  the  reaction  which  takoe  place  when  a  solution  of  Kodic 
MHiiiato  a  boiled  with  ammoDiu  chloride. 

29.    Represent  the  constitution  of  meU-stannic  hydrate  hj  graphic 


o  opinions  which  have  been  entertaioed 
g  how  far  thejr  are  (nistaincd  by  facta, 
ion  o(  H.S  on  a  solution  of  stannous  or  stannic 


action  which  takes  pkce  when  SnS  is  dissolved 
lulpblde,  and  that  which  fullnws  on  neuiralizing 
witli  an  acid.  Write  also  the  reactions  when  an 
solvent. 


S7.  Write  the 

}vlk)w  ammonii 

e  alkaline  solve  i 
line  hydrate  Is  used 

!8.  Point  out  the  analogies  and  the  diUcrencca  between  tin  and 
Itauium.  By  what  simple  reaction  may  the  two  elements  be  sepa- 
iltrd  when  in  solution? 

3Q-   How  is  tin  related  to  the  platinum  metals? 

80.  According  to  the  experiments  of  Dumas,  100  parts  of  tin, 
faen  oxidized  by  nitric  acid,  .yield  I2T.10o  pnrts  of  S:iOf  What  is 
le  ktomic  weight  of  the  element,  assuming  that  the  oxide  has  the 
tniUlulJon  represented  by  the  symbol?  Ans.   11S.06. 

91.  On  what  facts  do  tbe  conclusions  in  regard  to  the  alomicitj 
'tin  and  the  constitution  of  its  several  compounds  rest? 

9S.   Show  that  the  atonic  weight  of  tin,  deduced  from  the  percent- 
m  eoroposition  nnd  vapor  densities  of  its  compounds  with  the  aloo- 
)I  radicals,  agrees  with  the  value 
.ese  compounds- fully  illustrate  the  i 

iS.    State  the  reasons  for  classing 
id  til     ' 


above.     Show,  also,  that- 
relations  of  tbe  elements. 


u  with  tin 


St.  Point  out  tbe  resemblances  between 
■ad  give  the  reasons  for  classing  zircon  with 
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395.  SILICON.  Si  =  28.  —  Tetrad,  Most  abuniUnt  tf 
tbo  dements  after  oxygen,  forming,  as  is  estimatei],  aboat  ou 
Iburtb  of  the  rock^  crust  of  the  globe.  Alwajs  foiiDd  in 
nature  united  to  oxygen  either  as  quariz,  StOj.  or  assodatd 
with  more  basic  radicals  in  the  various  native  ailirales,  nmj 
oF  whose  sj-mbola  have  already  been  given  (333)  (352).  Tbt 
ctemeDlury  substance  may  be  obtained  in  three  dilfcreiil  condi- 
tions,—  amrrpboua,  graph  it  oidal,  and  cryatalline. 

1.  By  decom[iosi[ig  SiFf  .  2Af  with  potas^imu  or  eoiiinoi. 
or  by  heating  the  some  metals  in  a  current  of  the  vapor  of 
&'C/„  silicon  is  obtuined  as  a  dull-brown  powder,  which  Mill 
the  fingers,  and  readily  dissolves  in  hydrofluoric  acid  or  a  wwia 
solution  of  caustic  potash,  although  insoluble  in  water  aud  iba 
common  acids.  Wlien  ignited  it  bums  brUIiontly,  but  the  graim 
soon  iHicome  coaled  with  a  varnish  of  melted  silicon,  whiclt  pn- 
tecld  them  from  the  further  action  of  the  air. 

2.  Tlie  brown  powder  jurt  described,  when  inlcD«e]y  heatd 
in  a  closed  crucible,  becomes  very  much  denser  .and  darker  is 
color,  and  afterwards  is  insoluble  in  hydrofluoric  acid,  and  don 
not  burn  even  in  the  oxyhydrogen  flame.  It  does  disMli^ 
however,  in  a  mixture  of  hydrofluoric  and  nitric  acid^  or  b 
fused  potassic  carbouale,  and  it  deflagrates  if  intensclv  heau' 
with  nitre. 

3.  At  the  highest  temperature  of  a  wind-furnace  tSkOL 
melts,  and  may  be  cast  into  bars  which  have  a  cryatnlline  Etne- 
ture,  a  sub-metallic  lustre,  and  a  dark  Eteel-grny  color.  Motp 
over,  by  reducing  silicon  in  contact  with  melied  nlumiiiuio  <t 
Kinc  the  molten  metal  dissolves  the  silioon,  and  aftprwanls,  a 
(^>o1ing,  depotiits  it  in  definite  cryslala.  These  ('rysLiIa  batri 
reddish  lustre  and  ibe  form  of  diamond,  which  they  almuai  nyi 
in  hardness.  I 

S96.  Silicic  Anhjdride  or  Silica,  5i0,  — By  far  the 
abundant  of  ail  mineral  substances.  The  minemloigisla 
gui&h  two  principal  modi  Heat  ions,  Quartz  and  Ofml.  I 
crystallizes  in  the  hexagonal  system  (Pigs.  G4  to  67),  luu 
Gr.  2.5  to  2.8.  is  so  bard  that  it  cannot  be  cot  with  a  fl 
even  in  powder  is  but  slightly  acted  on  by  hot  solutiana  n 
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Ha  nlkalles.  Opal  U  amorphous  or  colloidal,  has  n  Sp.  Gr.  I.O 
'a^ily  abradetl  with  a  file,  and  di^iiolves  in  alknlioe  go- 
btions.  EacIi  of  these  mineral  species  eKbibita  nuiuerouB  va- 
ietiet,  i]eli<rmined  by  differences  of  structure  or  adniixlures  of 
Ifforenl  bodies.  Among  those  of  quartz  may  be  menlJoned 
imoD  quartz,  milky  quartz,  smoky  quartz,  amethyst,  cLal- 
,  eamelian,  agate,  onyx,  flint,  homslone,  jap^jier,  sand- 
>ne,  and  sand.  Among  ihuse  of  opal  wo  have  preeious  opal, 
ntnuin  opal,  jiwper  opal,  wiwd  opal,  siliceous  sinter,  floiil -stone, 
id  tripoli.  These  two  condiiions  of  SiO^  however,  are  some- 
net  found  alternatiog  on  the  same  speeimun,  and  the  chalce- 
docile  varieties  of  quartz  have  frequently  the  appearance  of  o])al, 
through  which  slaie  ihey  probably  passed  in  the  process  offor- 
Tlie  opals  are  more  or  less  hydrous,  bui  the  water 
■  present  U  usually  regarded  as  unessential. 

B^Mfa  in  ila  crystalline  and  in  its  amorphous  condition  silica 
Hi  niBoluble  in  water  and  in  all  acids  excepting  hydrofluoric 
which  is  its  appropriate  solvent.  The  heat  of  the  oxyhy- 
^rogen  tlame  is  required  for  its  fusion,  but  at  this  tentperatura 
b  tnelu  lo  a  Iransparenl  glass,  and  may  be  drawn  out  into  fine 
Mlnble  elastic  threads,  the  fused  silica  alfeL-ting  Ihe  amorphous 
'BOB^tion.  When  added  in  powder  to  melted  sodic  or  polassic 
■Wriidnate  it  causes  violent  effervescence,  and  if  ihe  silita  is  pure 
I  product  is  a  colorleas  glass.  Unless  the  silica  is  in  great 
HM  the  alkaline  silicates  thus  obtained  are  soluble  iu  water, 
|Bd  are  generally  known  as  toluUe  or  toaler  glass.  They  yield 
~  ""  oluiions,  wliifh  are  very  much  used  in  the  arlB,  — 
rocnt  for  hardening  and  preserving  stone;  2.  In  pro- 
■ring  walls  for  fresco-painting;  S.  For  mixing  with  fioap;  and 
:  Id  preparing  mordanted  calico  for  dyeing.  Tlie  same  solu- 
XU  can  be  also  made  by  digesting  Aims  in  strong  solutions  of 
A  caustic  alkalies  at  a  high  temperature  under  pressure. 
897.  Silicie  Hydratn.  —  If  to  a  solution  of  an  alkaline  sili< 
ite  in  waier  hydrochloric  acid  be  added  gradually,  a  gelalinoos 
■•dlritAle  of  silicic  hydrate  is  formed,  which,  in  ila  initial  con- 
tiOR.  probably  has  the  composition  HofSi;  bnl  in  drying  it 
!9  through  every  degree  of  hydration,  and  the  various  liy- 
H  which  have  been  obtained  in  this  and  in  other  ways  may 
•  l»pt«seiil«d  by  the  general  formula 

nHo.Si  —  mU-fi  =  /fo*,_i„((9..&;).  [36G] 


They  are  all,  however,  very  nnetalile  bodies,  some  losing 
ai  low  temperatures,  and  others  lery  hygroscopic,  so  tluu 
difficult  to  oblsiu  definite  compounds 

If,  instead  of  making  ihu  experiment  as  just  ilireole4l,  a 
solution  of  an  alkaline  eilicaie  be  poured  iiilo  a  coiisidcnil 
cess  of  hydrorhloric  acid,  no  precipilatc  is  formed.     The 
of  the  hydrate  remains  in  soluliim  mixed  wiili  the  alkaUne 
rides  and  free  hydrochloric  acid.     These  crysinlloid  suhei 
however,  can  readily  be  separated  by  dialyi^is  from  the 
hydrate,  and  a  pure  solalion  of  silicic  hydrate  may  be 
talned  conttining  as  much  as  Hve  per  i^ent  of  SiOj, 
by  boiling  in  a  fiiisk  the  solution  may  bt;  conceit  I  rated,  tmril 
quantity  of  silica  reaches  fourteen  per  cent.     This  eoIh'kiII 
limpid,  colorless,  tasteless,  and  has  a  feebly  acid  reaction,  which 
a  very  small  r|uanlily  of  K-Ifo  ia  sudiuieut  to  neutralize. 

Evidently,  iheu,  silicic  hyitrale  has. both  a  siiluble  and  aa  iB- 
Bolulila  modification,  but  the  last  b  by  far  the  most  stiiblo  cov- 
dition.  The  concentrated  eolulion,  formed  as  above,  in  a  It* 
days  completely  gelatinizes.  Moreover,  even  in  a  closed  vessd 
this  jelly  gradually  shrinks,  spontaneously  squeezing  out  iIk 
greater  part  of  ihe  water,  until  at  last  it  Incomes  a  hard  hum 
resembling  opiil.  When,  however,  the  solution  is  qiiiro  .lIloM, 
it  can  be  kept  indefinitely  without  gelatinizing,  and  im  !  i  l 
and  river  ivniers  hold  an  appreciable  amonnt  of  siliii. 
thus  dissolved.  The  power  of  dirsolving  silica,  wli;. 
wal«-rs  potisesB.  i<  greatly  enhanced  by  the  presence  ol  ..;..Al..,t 
carbonates ;  and  when  the  action  of  the  alkaline  liquid  is  aiiM 
by  a  high  temperature,  an  in  the  case  of  hot  spring*.  Itup 
quaniilics  of  silica  are  frequently  dissolved,  and  such  sulutiOH 
have  undoubtedly  exerted  an  important  agency  in  the  genk^ 
ical  history  of  the  earth.  Whenever  a  solution  of  eilicic  hydiitt 
is  evaporated  to  dryness,  the  whole  of  Ihe  f^iliwi  is  rendered  in- 
soluble and  oajiDot  afterwards  be  dissolved  either  in  water  ec 

398.    Silicaifs. — Although  it  is  impossible  to  UoLilc  ibl 
numberlessintcrmediale  silicic  hydrates  compreliended  in  i  'i;,sl, 
yet  vie  find  in  nature  numerous  mineral  ailicalea  ton,. 
the  same  types,  and  which  may  be  regarded  as  derivti 
hydrates  by  pe\i\acw\ij  iW.  \i-^4'eo^n  atoms  with  vniii'  ,     '•'"■- 
rnclit^ls.     Thcso  Bi\\ailcft,\Jfi-«  %X\'a■\^alJlK,'ffi^a'A^:K^^^.^^^^. 
fa  Jline  and  tbe  co\\o\4o\.  wja&.'CuMu 
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The  crystalline  siliMitcs.  are  represented  by  numerous  well- 
lefiiied  mincm]  species,  snd  by  the  rocks  irhieli  are  fimply  ag- 
gregaies  of  eucti  minerals.  They  Imve  been  formorl  in  many 
vays;  for  example, —  1.  By  deposiLion  from  soliitioa ;  2.  By 
the  ncdon  of  lieated  water  or  vnpor  on  igneous  and  sedimentary 
'rock:!  I  3.  Ity  the  slow  cooling  of  molten  siliceous  material. 

The  coUoidttl  silieales  are  represented  by  the  oh.-idians.  the 

pitob-stDnes,  and  other  volcanic  rockg,  which  have  probably  al- 

iWays  been  formed  by  tlm  t'udden  cooling  of  welled  lavas.     To 

'Ae  l»it'clas3  belong  al^^o  the  various  artificial  silicates  we  call 

loBSi  and  the  slags  obtnined  in  many  metallurgical  processes. 

%na  crown-glass  is  a  alicale  of  sodinm  or  potassium  with  cal- 

;^laj9  a  Hlirate  of  either  of  these  alkaline  radicals  with 

4nui,  and  the  Aagi  silicates  of  calcium,  magnesium,  aluminum, 

Md  iron  in  various  combinations.     Since  many  of  the  basic  hy- 

draiea  and  anhydrides  may  be  melted  wiih  silica  in  almoat  every 

mportiou,  we  do  not  find  in  the  colloidal  silicates  the  same 

lefimte  composition  as  in  the  crystalline  minerals,  but  they  are 

lirobftbly  in  all  case^  mixtures  of  definite  compounds. 

Most  of  the  silicates  are  fusible,  and  their  fusibility  is  io- 

erfBsed  by  mixture  with  each  other.     As  a  rule,  iliose  which 

contain  tlie  most  fusible  oxides  melt  the  most  readily,  and  the 

BHire  readily  in  propor^on  as  the  base  is  in  excess.     Only  the 

•Ikaline  silicaiea  above  referred  to  are  soluble  in  water.     Most 

the  hydrous  silieales,  and  many  which  are  anhydrous  but 

itain  an  excess  of  base,  are  decomposed  by  acids;'  but  the 

liydrotu,  normal,  or  acid  silicates  are,  as  a  rule,  unafTected  by 

f  acid,  except  hydrofluoric,  ahhough  they  can  be  rendered 

Mn  by  fusion  with  nn  alkaline  carbonate.     When  the  fnsed 

ss  is  treated  with  HCl -^  Aq,  evaporated  to  dryness,  and 

un  digested  with  the  same  acid,  the  silica  remains  as  a  griiiy 

olnble  powder,  and  can  at  once  be  recogiiiicd.     The  pres- 

of  silica  in  a  mineral  can  generally  also  l)e  discovered  by 

a  small  fragment  before  the  blow-pipe  with  microcosmio 

UL     This  decomposes  the  mineral,  but  does  not  dissolve  the 

[RtB,  which  is  lef)  floating  in  the  clear  bead. 

i  Sohble  cmnpnoDili  oflhe  biole  nulkata  nre  Iliiu  (onaei.  nhilc  tliD  tiliea 
Ipwatw  aither  <u  n  (celntlooui  lij'driite,  or  na  a  lontt,  nnliydnm*  powder. 
Mnsttme*.  liDwcrer,  tiio  tUio  slio  itiuoivoa,  uid  e>sneiiL\\>(  Vx  \«  \>1m!v.>i»)  vi 
UmUad  »tni(.    laonryciwe  Ihaiillcnbccomci  utttjAtQiu,*'"^*''''^^^'^'! 
'-'^l>le  Sftlie  mlutioo  b  cYnptrmled  todTyiu»»aidu\KnYiTt^-V^o'i-''    """" 
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309.    Omtlitation  of  Nativt  SHieatiis.  —  The   spnboh  I 
many  of  ilie  nutive  ulicaiea  have  alreaily  bei^n  given,  and  ll 
of  others  will  be  iliscoverad  by  Bolviiig  the  prol>l«m§  v\u 
low  this  division.    Mor('ovi>r,  ihe  principles  oii  ivhich  tlieee  n 
bols  are  writien  have  been  folly  d('velope<l.     There  is  t 
however,  an  imcertainly  in  regard  to  ihe  constitution  of  « 
of  iheee  roiueraK  and  it  ii>  not  always  jvossihle  to  dednee  ft 
lh«  results  of  analysis  a  probable  raiiorial  forrnuU,  eraa  « 
these  results  are  known  lo  he  esseniittUy  accurate.     Ttns  oat 
minty  aristm  fi'otn  sevei-al  causes :  —  1.  We  have  no  EUre  e: 
rion  of  the  purily  of  the  mineral,  since  we  are  not  able,  a 
the  ente  of  artificial  products,  to  eliminatui  ndmixtiirFS  by  f 
peated  crystal  ligations ;  2.  The  methods  commonly  u^ed  h 
lermiiie  the  molecular  weight  of  compounds  Jt'Ci)  entire 
in  the  case  of  these  silicale!',  and  this  imi)ortant  element  li 
ing  the  symbol  is  therefore  wanting'  (23).     Moreover,  n 
the  molecule  is  condenaed  (that  is.  contains  SL-veral  a 
silicon)  unai'oidable  inaccDracica  in  the  proces'e&  may  » 
conclusions  based  on  analyiiia  alone ;  S.  The  constant  repl 
menlof  one  radical  by  another  (214)  renders  the  c 
of  most  silicates  very  eomplei,  and  we  are  rrer|uentl»  at  a 
to  determine  the  part  wtiirh  a  given  mdical  mnjr  play  in 
compound.     This  is  e!>|)ednlly  true  of  hydro^tn,  for  we  ll 
no  certain  meana  of  deciding  whetlier  the  atoms  of  tins  e 
in  a  hydrous  silicaie  are  a  purl  of  the  molecule  itself^  o 
connected  wi'h  it  in  the  water  of  crysialliialion. 

400.    Sffinliolt  o/JVn/ire.S'i/icafe*,  — The  composition  of  nl 
native  Rilicjiies  may  Ih-  so  varied  by  replacement*,  willioot  i 
essential  change  in  external  qualities,  that  such  a  mtnerml  rf 
cies  cannot  be  diMingui^hed  as  a  compound  of  delluite  m  ' 
but  merely  as  conforming  to  a  certain  general  formula,  ai 
only  specific  character  is  the  almnic  ratio  between  the  » 
composite  radicals  of  which  the  mineral  may  be  attppc 
consist  (214).     Thus  the  composition  of  common  C 
in  general  be  represented  by  the  formula 


nllvr  •iipply  tliit  ■ifSicu 
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ut  a  may  be  either  Ca,  Mg,  Fe.  Ma,  or  Cr,  and  [fl^,]  either 
^■Alt],  [/""ji.  or  [  OJ.  ami  guvneU  liave  been  analyzed  in  wliioh 
tbew  sevcrul  radicals  are  oiised  together  in  every  conceivable 
way  eonsiatcnl  witU  the  general  rorniula,  ^o  ivliich  they  all  con- 
,  bna.  Thii  furmnlu,  koicnvr,  is  merely  l/ie  Kcpreasion  of  a  deji- 
'iio  between  (he  utomteities  of  iht  tei-rral  clashes  of  radicult 
u  a  tohiAt,  and  in  the  last  analj/sis  iJiii  Tatio  it  itielf  tle« 
•  ^paeifc  character.  Hence  the  great  iin[iorlanec  of  iliu  aioiiiic 
ratio  in  mineralogy,  and  we  buve  already  seen  bow  easily  it 
I  lie  calculated  when  the  symbol  of  the  mineral  is  given 
(Probs.  S8  and  95,  pages  394  and  397).  On  the  other  band, 
rrom  the  ratio  we  can  aa  easily  construct  the  g<'neral  formula  of 
the  mineral.  Tims  in  the  case  of  garnet  the  raiio  between  iha 
dyad,  besud,  and  tetrad  radicals  is  6  :  G  :  12,  or  1  :  1  :  2,  which 
-  b  evidently  expressed  in  its  simplest  terms  by  the  symbol  above. 
In  works  on  mineralogy  the  atomic  ratio  is  given  for  each  of 
Dm  nntive  silicales,  and  in  any  case  this  ratio  ia  easily  deduced 
rom  the  resulia  of  analysis  by  simply  extending  the  method  for 
lading  the  symbol  of  a  body  whose  molecular  weight  is  un- 
lown  (page  43).  Having  obtained  the  several  quotients  which 
Spreaent  the  relative  number  of  atoms  on  Ihe  supposition  that 
lie  molecular  weight  is  100,  we  next  mulliply  each  of  these 
4|uotient^  by  the  quautivnleocc  of  the  reppeciive  radicals.  Last- 
if,  we  aild  together  these  products  for  each  class  of  replacing 
kdlcnls,  and  compare  the  several  »uraB  thus  obtained.  For  ex- 
nple,  an  actual  nnalyris  of  the  Bohemian  Garnet  (Pyrope) 
fcve  the  following  results:  — 

41.35 


Si- 

19.30 

or 

SiO, 

[^'J 

11.92 

■' 

Al^O, 

» 

7.73 

« 

FeO 

Xn 

2.01 

" 

MnO 

Mg 

9.00 

» 

MgO 

Ca 

3.77 

" 

CaO 

Cr 

3.19 

" 

CrO 

0 

43.77 
100.09 

ifiding  now  each  per  cent  by  the  atomic  weight  of  the  radical, 
il  maltijilying  by  its  quunli valence,  we  obtain  iJie  following 
numbers :  —  * 


&■        (19.30  -=-  2S    )   X   4  =  2.T6  SL76 

[jy  (11.92  ^  54.8)  X  6  =  Ul  L31 

Fe       (  7.73  +  56   )   X  2  =  0^7 

jtf/i      (  2.01  -f-  65   )  X  2  =  0.07 

Mg      (  9.00  +  24   )  X  2  =  0-'5 

fu      (  3.77  ^.  40    )   X  2  =  0.19 

(V       (  3.19  ^  52.2)  X   2  =  0.12  1.40 

nheQCe  we  deduce  tbe  ratio, 

1.40  ;  1.31  :  2.76  or  1:1:2  nearly. 
This  ratio,  allliough  not  exact,  is  sa  near  the  tLeory  aa  we  I 
expect,  considering  the  malarial  and  methods  ustd,  and  i 
near  as  we  usuiilly  obtain. 

There  is  an  uncertainty  In  the  resulla  of  all  calculatiot 
tills  kind,  which  arises  from  the  lad  that  wc  have  no 
in  selecting  the  radicals  to  be  grouped  together.  Allhuug 
is  true  in  general  that  replacenieniii  are  limited  to  radic 
the  same  aiomicity.  yet  most  mineralogists  admit  that  p 
of  the  form  [-ffj].  may  rejdace  3^-,  and  some  go  so  fai 
reckon  a  part  of  the  Si  atnong  the  basic  radicals.  Hence  ■ 
results  ve  to  a  certjiin  extent  arbitrnry,  and  in  many  cases  g 
no  ratiFfactory  information  as  to  the  conRtilulion  of  iho  miiiJ 
analyzed;  but  by  deducing  the  atomic  ratio  according  to  IIieH 
just  pven,  we  in  all  in^iances  reduce  the  results,  as  it  wer 
the  simplest  terras,  and  bring  them  into  a  form  in  wbicli  ll 
can  be  most  conveniently  compared  with  each  other. 

It  is  usual  in  works  on  mineralogy  to  present  the  rr^nlt*  rf    i 
analysis  on  the  old  dualislic  plan,  as  if  the  mineral  wrr>-  '' 
by  the  union  of  various  ha.'ic  anhydrides  with  silicon. 
with  such  data  it  is  not,  however,  necessary  to  calculai' 
cent  of  each  radical  in  the  assumed  anhydrides  befor-j  .i,  ; 
the  above  rule,  because  obviously  by  dividing  the  pf;r  <  t 
each  anhydride  by  its  molecular  weight  we  shall  olttaiu  ihr 
quotients  as  before.     For  example,  in  the  analysis  gam^l 
above,  where  the  data  are  given  in  both  forms,  we  hJnve 

Si  :  sTo,  =  19.30  ;  41.85  or  19.30  -^  28  =  41.85  -i- 
and  so  for  «ach  of  the  other  valuea. 

In  the  symbols  of  tlie  silicaloe  as  formerly  written  qq  tJ 
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ic  llieory,  tiio  sloma  or  oxygen  were  neccFaarily  apportioned 

tlie  different  riiiiictils  in  proportion  to  tlieir  quunti valence, 

Itliuugh  tills  fuiidomenlal  di&linution  between  lliem  waa  itself 

-erlooked.     TLua  liie  general  symbol  of  g&rnet  would  be  wtit- 

D,  daalistically, 

aiiO,Ji,0^3SiO^ 

nd  it  is  evident  that  the  number  of  oxygen  aloms  is  in  each 
e  a  measure  nf  the  relalive  atomicities  of  llie  radicals  with 
rbich  tliey  are  associated.     Hence  the  atomic  ratio  niiglit  ul^ 
B  found  by  comparing  logether  ilie  quantities  of  oxygen  which 
ivenU  assumed  o;tide9  contain,  and  this  is  the  manner  in 
>tuch  ilie  calculation  iua  generally  been  made  hitherto.    Hence, 
k,  the  atomic  ratio  has  been  called  the  oxygen  ratio,  and  was 
mg  used  in  mineralogy  before  its  true  meaning  was  understood, 
lut  although  the  old  methcrd  gives  the  »axae  results  a^  the  new, 
.  ie  not  in  harmony  with  our  modem  theories,  and  is  practically 
«  simple.     Moreover,  the  principle  is  far  more  general  thaa 
the  old  method  would  imply,  and  may  be  used  with  all  classes 
of  compouods  as  well  as  with  those  in  which  (he  radicals  are 
meoted  (ogether  by  osygen.     Furthermore,  it  is  sometimes 
efol  to  compare  the  atomic  ratios  of  the  complex  radicals 
'Wch  may  be  assumed  lo  eiist  in  difierent  minerals,  and  inter- 
ning relations  may  frequently  be  discovered  in  tliis  way  which 
e  old  method  would  entirely  overlook.     This  has  already  ap- 
n  solving  the  problems  under  aluminum,  and  requires 
D  flirther  i1  lustration. 

Silicic  Sulphide.    ,9iS,.  — When  the  vapor  of  C5,  is 

___  over  a  mixture  of  silica  and  carbon  intensely  ignited, 

>'»  compound  is  deposited  in  the  colder  part  of  lie  tube  in 

long,  white,  sUky,  flexible,  aebcstiform  needles."     It  can  bo 

€Pl«llli«ed  in  a  current  of  dry  gas ;  but  in  contact  with  moist  air, 

wlwB  boated  in  aqueous  vapor,  it  rapidly  decomposes,  the 

'Braducis  being  31,3  and  amorphous  silica,  the  latter  of  which 

<Jet«in«  Ihe  form  of  the  sulphide.      It  undergoes  a  similar  de- 

:  nmpoxilion  in  contact  with  liquid  water,  but  the  silica  formed 

~      "    «  completely,  and  (he  eclution,  when  concentrated,  yields 

a  aame  singulur  vitreous  hydrate,  resembling  opal,  described 

lora. 

402.  Silicic  Fluoride,  A/*,,  is  ft  colorless  gafi  (,S^.Gt.^=Sl^ 


ffhich  can  only  be  reduced  to  the  liquid  slate  by  great  p 
and  cold.     It  ia  easily  prepared  hy  the  reactioa 

{SiO,  -I-  2  CaF,  4-  2ff,S0,)  = 

2(CoS0, .  KO)  -I-  SiS"^  [I 

When  brought  in  contact  with  the  air  it  ia  at  once  decotD|| 
hy  aqueous  vapor  iinil  fornix  dense  fumes.     Passed  uilo 
it  is  ab^rbed  in  lurgc  quiintiliea,  and  ihc  pnxluctd  are 
hydrate  and  bj-dro-silicic  fluoride. 

{SSiF,  +  4//,0  4-  Ag)  = 

U,Or$i  -I-  2(2  W.  SiF^  +  Aq). 

Tbe  same  iiolLilioD  can  also  be  obtained  by  dlMolvitig  e 
hydrofluoric  acid.     It  forma,  when  saturated,  a  very  soiir,| 
ing  liquid,  which  evaporates  at  40°  in  a  platinum  ve^afel  w' 
leaving  any  residue.     Hence  a  very  simple  way  of  t 
purity  of  silica. 

Tbe  solution  of  hydro-silicic  fluoride  acts  o^s  a  strong  I 
It  dissahes  iron  or  mc  with  the  evolution  of  hydro 
decomposes  many  metallic  oxides,  Itydrales,  aud  carbo 
forming  definite  salts.     It  is  therefore  frequently  (Allied  m 
fluoric  acid  (H^SiFe),  and  its  salts  are  named  silico-fluoi 
The  potassium  salt,  K,'SiFa  aud  the  barium  salt,  Ba'Sif\ 
both  sparingly  soluble  in  water,  and  may,  therefore,  be  r 
obtained  by  precipitation.     Moreover,  since  the  corresp 
sodium  and  stranltum  salts  are  much  more  soluble,  this  r 
may  be  used  to  distinguish  potassium  from  sodium,  but  ^ 
especially  barium  from  strontium.     Several  of  the  eiljco 
ides  may  be  readily  crystallized. 

Ammonio  ail i co-fluoride  (NHt)i-SiFt .  xU.JK 

Cupric  siiico-fluoride  CwStFt .  7JI,0, 

ManganouB  siiico-fluoride  Mu'SiF^  .  7//,(>. 

403.   Silicic  Chloride,  SiCl,,  is  formed  by  pacing  a« 
of  chlorine  gas  through  an  intimate  mixture  of  silica  luidfl 
bon  heated  intensely  ia  a  porcelain  tube. 

SiO,  +  Cs  +  2®i^si  =  20©  -i-  asi, 

II  is  a  cobvles?,  MiliUtb;  li(\iiid  (■''p.  Gr.  1.32),  boiling  ■ 
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ad  i»  decomposed  b;  water  inlo  li)-<lrocliloric  acid  and  sWk'k 
hydrate.  Sp.  ®r.  of  vapor  5,94.  It  is  aluo  alowly  decomposed 
byJl,S. 

sici,  +  ir,s  =  Sici^ift  4-  Hci         [360] 

_  product  ia  a  colorless  liquid,  boiling  at  96%  and  yield- 

ling  a  vapor  vUme  Qp.  <Bx.  =  5.78. 

Wlien  the  vapor  of  SiCf,  is  passed  through  a  white-hot  por- 
cetwn  lube  it  uudergoes  a  partial  oxidation,  and  ia  in  part  cou- 
Terled  into  an  osy chloride, 

2SC7,  +  0  =  Si^OClt  +  Sl-^I,  [361] 

«  oxygen  required  coming  from  the  glaeing  of  the  tube.  This 
•npound  b  also  a  colorless  fuming  li4|ui(i,  resembling  the  chlo- 
ie.  ll  boils  at  138°,  and  ha*  Sp.  ©t.  =  10-05. 
404.  Silicic  Bromide,  SiBr,,  may  be  formed  in  a  similar 
Bj,  and  closely  resembles  the  chloride,  but  is  less  volatile, 
riling  At  153°,  and  crystallizing  at  from  12°  to  15°.  Sp.  ®t. 
'  Tapor  12.05.  The  compound  SiCl^I,  flp.  ©r.  ~  7.25,  is 
SO  known. 

^>5.  Slide  Iodide,  Sil„  h  a  colorless  crystalline  solid,  mclt- 

g  It  120°.5,  and  boiling  at  alrout  290°.     Bp.  ©t.  of  vapor 

19-lS.     It  crystalliKes  in  regular  octahedi-ons,  and  is  obtained 

ly  pausing  iodine  vapor  in  a  stream  of  CO,  over  ignited  silicon. 

•*06.  Siticic  f/t/dride.  SiZ/j.— One  of  the  silicic  ethers  (409), 

lien  heated  with  sodium,  fumisbee  this  remarkable  compound 

hi  n  pure  condition. 

mC!,/f>),'0,^SiJf)  =  3i(C^,)^0^Si)  -f  Si2l,.  [362] 

Xlw  sodium  induces  the  chemical  change  by  its  mere  presence. 
The  composition  of  silicic  hydride  has  been  determined  by  the 
Iblloiring  reaction :  — 

+  (2Jr-0-//4-  B,0-i-Jq)  = 

{K,'OfSiO  -f-  Ag)  +  4S-3I.  [363] 

b  ft  CoIotIgm  gas,  which  inflames  at  a  veiy  low  temperature 
isdersome  conditions  epontuneously),  and  yields  when  burnt 
Sdc  Robjdride  and  water. 
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40V.  :i*c  Hi/drochluride,  SilfClt,  is  a  colorless  ii 

ble  liquid,  (.btained  hy  pa^iug  JfCt  over  igniled  silican.  ll 
lias  Qf.  ®T.  ^  4.64,  and  may  be  regarded  as  ihe  clilorvk  of 
the  ladicjil  {SiJiy-CI^  correspoudiiig  lo  clilorofunn  {^CByCl^ 
ainoiig  ihe  compoundit  of  carUiii.  Tlie  ixiri-e:" ponding  brooiinc 
and  iodiiie  compounds  are  al&o  known.  Wfic-u  iuis«<l  witb 
waitr  tlicBu  aubsiaucus  are  decompogvd,  and  a  x-oluininoiu  while 
powder  is  formed  wlucli  has  been  called  leukon. 


ssiffck  4- 


LeukoD  diBaolvea 
ing  an  alkaline  u 
poses  water,  and  i 
408.  Silieiel 
ai-e  two  colorless  iui_.. 
with  zinc  eiliide   and   . 


OS)fO  -I-  GHCL      [364] 

^dntes  or  carbonates,  jieU- 
;  hydrogen.     It  alto  deeooi- 
a  Tfiiiuctiig  agent. 
lid  S.licie Methide.  S;(CB^t  , 
...,  prepared  by  lieaiing  &(%  , 
iiJLliide   ill   liealed    tubee.     Tbej 
boil  re-.pectively  at  30°  and    153°,   and   llieir   Tapors   In 
Bp.  ©r.  of  3.08  and  5.13.     AI*o  another  compound  has  been 
described  whose  symbol  may  be  written  0^5i.J( Cj/^)j. 

409.  Silicates  of  ihe  Organic  Radicah  or  Silicic  Ethers. 
A  large  number  of  lliese  eompounds  have  been  prepared,  con- 
taining the  radicals  methyl,  ethyl,  and  nrayl,  eilher  singly  i* 
associated  in  different  combinations.  They  are  all  colorfeo 
volatile  liqaida,  highly  combu.'tiblc,  and  having  for  ibe 
pari  an  ethereal  odor.  We  give  in  the  following  table  di« 
pymbols,  the  boiling-poinl.a,  and  the  vapor^ilenaities  of  seveiil 
of  the  moat  interesting  ethers,  and  of  the  chlorhydrinea  (3i3) 
derived  from  them. 


Sp.Or. 

Boiltal-pstal. 

Y.P™m1«..j. 

Otn. 

Olc 

{CH^)fOi-Si 
{G  H,)fO^.Si-Cl 
{C  N,),^OrSi^Gk 
{CH^)-0-Si-=Ck 
iCff,}fO^Si,0 

1.059 
1.195 
1.259 

1.144 

0.968 

121''-122'' 
H4°.5-115° 

98° -103° 

82° -86° 

201°-202».3 

1 65' -1 66" 

5.38 
5. .58 
5.66 
5.66 
9.19 

7.32 

5ii 
5.4i 

5Ji: 

5.T.* 

8.91 

7,5 

^^^^^^H 

^^H 

■ 

^H 
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Sp.Bt. 

Bglltog-prtnl. 

Obi. 

Cil>. 

{C,ll,)fOfSi,0 

iOI/,).(,C,ff,),0/Si 
(CVB,).(P.ff„);OMS 

1.048 
1.44 
1.291 
1.020 

1.004 

0.981 
0.915 

0.913 

134° 
107" 
137' 
104° 

190' 
143° -1 46° 
155"- 157° 
245° -250° 

280°  -  285° 

7.05 
G.76 
6.38 
12.02 

6.18 

5.68 
6.81 
6.54 
6.22 
11.86 

7.69 
6.23 
6.72 
10.12 

11.57 

The  following  equations  itluetrale  Bomo  of  the  re«*ionB  by 

iC^,-o-Ji+  S{CI,  =  (CM)/0;si  +  iiia.  pes] 

mCA)fOfSi)  +  SCI,  =  HCJr,),-0,SiCL   [366] 
iCAVOm  +  SWI,  =  2(C,//.)..0,.&CT,     [367] 

t<vr,)r<VSCT+  cjr„-o-H= 

(o,/r,)„  (P.ffjio^a-+  Jici.  [368] 

>t,C^,)-0-B+  SiHCI,  =  (C^,)fOiSi/f+  SHO.  [369] 
\l,CJI,yO-H+S,OCl,  =  iC^,)fO)St,0+6IlCl.  [370] 

In  gcneml,  these  reactions  mny  be  obtnined  by  simply  ben^ 
hig  together  the  se^ei^l  fsetors,  eneloeed  if  uecessaiy  in  stylet 
mbeB.    The  process  is  usually  complicated  by  accessory  change^ 
UmI  a  mixed  product  results,  which  must  be  purified  by  repeatei 
Pactional  distillation. 

QUESTION'S  AKD   I'EOBI-EMS. 


Questiont  n«rf  Probtemx, 


1.  Compare  the  properties  of  siiicoi: 
tboae  of  boron. 


I4  UifTerent  uonditioat  wUi 


3.   Required  tlie  general  fonnuU  of  the  folloning  miDeral  a) 
whose  atomic  ratios  are  given  in  the  t»ble :  — 


k 

[^ 

. 

a 

rarmulk  nqulnl. 

3 

4 

«,[fl,].«iO.^Si 

a 

^  l{lS.l'^0„^Si, 

Epidota 
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The  number  of  atoms  orox;rgeii,  which  form  thevincatom  ii 

of  the  above  faroiulffi,  is  always  necessarily  equal  to  the  total  m 
icity  of  all  the  basic  radicals,  and  as  many  atoms  of  oxygen  a 
ciated  with  the  acid  radical  aa  are  required  to  complete  th«  n 
The  IftBt  evidently  serve  to  bind  together  the  atoms  of  ailicoa  W 
they  are  in  excess  over  the  number  required  to  neutralize  tl 
(151).     The  precise  form  we  give  to  the  symbols  is  in  grval 
ure  arbitrary,  nod  must  be  determined  from  many  circui 
which  do  not  influence  the  rffiults  of  analysis ;  and  tlie  gr«at  m 
tAge  of  expressing  these  results  in  the  form  of  an  atomic  niiia  a  I 
in  the  fact  that  they  are  thus  reduced  to  the  simpli:Mt  temw,  w 
hihited  independently  of  all  hypothesis,  leaving  each  student  fa: 
struct  the  farmulte  according  to  his  own  theoretical  c< 
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BepreacDt  the  constitutioa  of  Aoorthite,  SarcoUle,  anil  Borvl 
ijr  graptkic  sj'mbols. 

ft.  la  the  following  table  tbe  percentage  coni|x>«ilion  of  a  number 
of  native  iilicat£9  ia  given  on  tlic  usual  plan,  ae  if  tliey  were  composed 
of  bftiic  anbydriiles  and  silica.  U  is  required  in  each  case  to  deducs 
|£e  Atomic  rauo  and  construct  the  formula. 


Na,0  K^O  Li^O  FiO.QiO  JftO  Al,0,'f(,0,  W0,'/^0      Itetto. 


6.  It  was  formerly  supposed  that  the  symbol  of  ailica  waa  Sifi„    ■ 
nrespooding  to  that  of  boric  acid,  B,0„when  Si=  21  and  0  =  16. 
rhal  facts  can  yon  adduce  in  support  of  the  symbol  adopted  in  tlili 
»k? 

7.  Deduce  the  atomic  weight  of  silicon  from  the  data  of  (409)  so- 
•ding  to  the  principle  of  (19).  It  is  assumed  that  the  percentage 
impo«ition  of  the  various  compounds  has  been  accurately  determined 
I  analysis. 

8.  Pinnt  out  the  analn^^ic?  between  the  properties  of  silicic  Huoride 
id  chloride,  and  those  of  the  corresponding  compounds  of  boron. 

!>.  Compare  the  chemical  qualities  of  silicon  vrilh  those  of  the 
emenia  imuiediat.ely  preceding  it  in  our  clusificatioD.  To  wbicti 
ement  is  it  more  clotely  allied  ? 

10.  Compare  the  chemical  qualities  of  silicon  with  those  of  carbon, 
)A  illustrate  by  examples  the  analogies  between  IhoM  elemenU. 

11.  Pwntont  the  examples  of  chlorhydrines  in  the  table  of  (409). 

IS.  Describe  and  iltnstrateby  reactions  the  methods  by  vrhicb  tba 
Snc  etben  and  chlorhydrioes  are  prepared. 


Division  JC^KI. 

410.  CABBOX.  C=  12.  —  Teintr).  On«  of  flw  ■ 
widrly  (litfu^J,  and  otie  of  llie  mo^i  importaiit  clemvntt  is 
eciieuie  ol'  terriatri&l  iialare.  Unrb^d  to  Uie  three  MKrilanR  i 
nienis,  oxygen,  hydrogen,  aod  nitrogen,  it  ronne  the  chief  « 
8ub>tmtuiii  of  nil  or^aiii/ed  BCructunifi.     Combined  with 

j[  tbrtiu  OiC  carbonic  iiiihj'dride  ol'  the  atmojiphere,  wtiidi  b 
Ibod  t>r  ihe  whole  vegtlMble  world.  In  a  Dearly  pure  catii 
or  combined  with  hydrogen,  it  ig  foand  in  the  simtn.  Rii 
those  deposits  of  coal  and  petroleum  which  are  ?uch  great  i 
of  light,  heat,  and  motive  [mwer  (fi4).  Lastly,  it  is 
constituent  of  the  limeslones  and  Doloiniies,  whic] 
an  imporUint  part  of  the  rocky  cmst  of  the  glotio  (279)  (SI 
The  elementary  Bubstaiice  ia  found  in  nature  in  three  vary 
ferent  oonditioDs,  numely,  coal,  graphite-,  and  diamond. 

411.  Coal.  —  AH  organized  tissues,  sud  many  other  m 
naceous  materials,  when  heated  wiihoul  free  at-ce*«  of  air, 
charred :  iljut  is,  the  volatile  ingredients  are  driven  off,  atid  n 
or  less  of  the  carbon  is  lell  behind  in  an  uncombiiied  oooditi 
Common  charcoal,  animal  charcoal,  la mp-b lack,  ivory -bla(A, 
are  all  artificial  products  of  ilii.s  kind,  and  mineral  coal  i> 
charr<^d  remains  of  the  rank  vegeintion  of  an  early  gieologi 
epoch.  Since  carbon  is,  under  all  circumstances,  infusihia: 
non-volatile,  coal  frequently  rettuns  the  strucinre  of  ih«  orgi 
lisgue  from  which  it  was  di'rived,  and  this  element  may  th«nl 
be  regarded  as  ilie  skeleion  of  all  organic  forms,  which  in 
proci'ss  of  growth  gather  around  this  solid  nucleus  Ihe  otenn 
of  air  and  water.  The  great  porosity  of  many  kinds  of  0 
which  rciiults  from  Its  orE^niu  structure,  renderit  it  a  pom 
absorbent  lioth  of  neriform  and  liquid  materials,  auil  hmca 
use  of  wood-cliartoal  as  a  disinfecting,  and  of  bone-black  i 
decolorizing,  agent.  The  ready  com bitsti bill ty  of  ooa!  t*,  h 
ever,  the  mosi^  cbaractcristio  and  important,  as  it  ia  the  n 
familiar,  quality  of  this  variety  of  carbon,  nbich  is  pecolii 
adapted  for  its  all-important  uses  as  fuel,  not  only  ou  mooOB 
its  high  caloriHc  power,  but  also  because  it  retains  its  eoSd  < 
diiion  at  the  highest  rnmace  heat,  and  because  tho  pi 
its  combus 
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il  of  tin  plant     In  ita  more  porous  conditions  coal  is  a  non- 
>ductor  of  Ileal  anil  eleciriiity,  lias  a  low  spetific  gravity  and 

■  high  specific  heut,  both  valuing,  however,  in  different  varieiies 
between  qnite  wide  limiiis. 

Hi.  Graphite  has  uau^ly  a  foliated  structure,  and  is  found 
ecaMODoIIy  in  miall  ftis-sidcd  tables  belonging  Lo  the  third  kj-8- 
em,  bnt  it  is  nUo  mtt  with  in  corapnct  amorphous  masses.  From 
ta  frequent  u^ociution  with  crystalline  miuerahs  fvidtjiiily  tlie 
is  of  nqueoue  action,  we  naturally  infer  ihiit  it  iiiuAt  Imte 
n  formed  in  a  similar  irny;  but  the  nature  of  the  process  is 
(  understood.  Graphiic  is  very  soft,  leaving  a  black  tinning 
■eak  on  paper,  and  has  a  Sp.  Gr.  :t=  1.209.  It  is  pracliadly 
iBcamb»5tibIc,aIibDugh  it  bums  slowly  in  an  oxyhydrogvn  flame. 
It  has  A  mctiillic  lustre,  and,  since  it  also  conducia  electricity 
s  well  as  tiie  metals,  it  bail  been  called  meiatlic  carbon. 
The  earbon  which  eeparalea  from  some  varieties  of  cast-iron 
irhen  tlie  molten  roelal  slowly  cools  is  in  the  condition  of  graph- 
ite, snd  the  cavities  in  iron  slags  are  aometimes  lini^d  will)  crys- 
taUiov  plates  of  the  name  material.  Moreover,  when  coul  ia 
tensely  healed  in  a  dose  vessel,  it  acquires  the  characieristio 
stre  and  conducting  power  of  tlitj  same  mineral,  and  a  similar 
iroduet  is  formed  in  the  iron  retorts  in  which  illuminoting  gas 

■  numufacturcd.  Ordinary  coke  also  Bomelimcs  apiiroai'licR  the 
ame  condition,  but  all  these  materials  are  very  bnrd,  and  thuj 
ilffer  ttoai  true  graphite. 

Graphite  may  be  obtained  in  a  slate  of  minute  sub-division 
ij  heMing  with  strong  sulphuric  acid  the  coarsely  pulverized 
nitieral,  previously  mixeil  with  one  fourtcentli  of  it^  weight  of 
|iotasitic  diloratc,  and,  after  washing  with  water  and  drying, 
{goiting  the  residue.  If  this  process  is  many  times  repealed 
the  graphite  is  converted  into  a  yellow  crystalline  product  which 
»  been  called  graphitic  acid,  and  which  has  been  regnrded  aa 
peculiar  compound  of  the  graphitoidal  condition  of  carbon. 

ysis  gives  the  symbol  f',i//,0^ 

418.  Diamond. — This  well'known  gem  is  also  a  crysialline 

i&dltjoa  of  carbon.      It  afTccis  the  forms  of  the  nionometric 

grslero,  and  may  be  cleaved  in  directions  which  are  parallel  to 

'  B  faces  of  tlie  regular  oclabodron.     Its  peculiar  brilliancy  is 

It  Id  a  very  high  refractive  and  dispersive  power  united  to  a 

%  IiBlr«  called  ailnmuntiue.    The  effect  is  greattv  increased 


by  the  lapidary,  who  cuts  numerous  facets  on  the  gem,  n 
reflect  anU  disperse  the  light  in  various  directions.  *" 
la  the  hardest  substance  known,  and  can  thiin-fure  only  h 
with  its  own  powder.  Op.tque  atones  called  "bluck  i'tv 
which  ore  otherwise  yalueless,  are  [lounded  up  and  nsei  & 
purpose.  On  account  of  iis  great  hnrdiicss  the  diamond  U 
ui^ed  for  cutting  glass,  and  the  convex  facea  of  the  c 
able  tlicm  to  bear  the  necessary  pressure  witUuut  bre 
The  diamond  burns  at  a  high  temperature  much  mo. 
than  graphite,  and  in  sn  atmosphere  of  pure  oxygen  si 
own  combustion,  yielding  CO,  like  all  other  forms  of  a 
It  is  a  poor  conductor  of  electricity,  but  when  inieusely  Im 
in  the  voltaic  arc  it  suddenly  acquires  tliis  power,  becomes  q 
cifically  lighter,  and  is  converted  into  a  kind  of  coke, 
mond  has  never  been  made  artificiidly,  and  we  have  n 
edge  aa  to  its  origin.  It  is  found  in  alluvial  M>il  at  ouly  a 
looditics.  chieHy  in  India,  Borneo,  and  Brazil. 

It  will  thus  he  seen  that  carbon  presents  the  most  remarkt 
example  of  allotropi.sm  which  has  been  observed  ii 
the  essential  differences  between  the  three  stales  appear  c 
in  the  form,  density,  and  capacity  for  heat,  which  we  sum  a 
the  table  below :  — 

C>7(bU!iui  Form.  Bp.  Or. 

Woo<]  Chnrcoel  Amor[ilioii9  0,300 

Graphite  Hcxiif;onal  2.300 

Diamond  Isometric  3.S0O 

In  all  these  forma  carbon  is  chemically  the  aame,  and  j 
the  same  product  ( CO,)  when  burnt  It  ig  not  only  non- 
tile  and  infusible,  but  does  not  even  soflen  in  the  hottest  fli 
although  in  ihe  experiments  of  Desprete,  with  a  voltaic  b 
of  intense  energy,  it  appears  (o  have  undergone  incipient  ft 
and  to  have  been  partially  volatilized.  Lastly,  although  0 
buetible  at  a  high  temperature,  yet  under  onlinary  c 
carbon  effectually  resists,  and  for  an  indefinite  period,  thew 
of  all  atmospheric  agents,  and  its  nsea  for  fuel  on  the  ODeb 
and  for  printing-ink  on  the  other,  are  remarkable  illii; 
the  singular  twofold  aspects  of  this  element  in  the  e 
nature. 
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CARBON   AND   OXYGEN,  OR  SULPHUR. 

414.  Carbonic  Anhydride.  CO,  —  With  this  aeriform  prg- 
Inct  of  ordiuury  combustion  tlie  studtrnt  must  have  ah-eady  Ih:- 
.e  fAiniliar.  Although  a  giij  under  ordinary  condiiiuus,  it  can 
be  COnJ<iDsed  hy  pressure  aud  cold  to  a  colorlc^  limpid  liquid, 
wHicb  freezes  by  its  owd  evaporation  lo  a  light  Roeculeat  solid, 
ontwardly  resembling  snow,  a  condition  in  which  it  is  used  to 
}n)duce  a  great  degree  of  cold.  As  a  gas  il  is  distinguit^bed  hy 
be  xbsence  of  all  those  iiualities  which  affect  the  senses,  and 
3,  although  playing  »ucl>  an  important  part  in  nature,  it  cs- 
■ped  notice  until  the  yoar  1757,  when  it  was  flrst  di^covered 
J  Dr.  Black.  It  is  not  only  a  product  of  ihe  comhu^tion  of 
ill  carbon aceoua  materials,  and  of  the  slow  oxiduiion  of  organic  - 
IfSUea  called  di-cuy,  but  it  is  also  one  of  ibe  chief  products  of 
ibspiniiion,  and  of  the  other  processes  of  unimul  life.  Carbonic 
lohydride  is  likewise  formed  during  fermcnialion,  and  is  the 
lause  of  the  effervescence  in  all  fermented  liquids.  It  la  a  pn>- 
Inct  of  volcanic  nclion,  and  is  copiously  evolved  from  (he  earth 
B  many  localities,  especinlly  in  rolcanic  districts.  As  it  is  much 
kearior  than  the  air,  Sp.  ®t.  =  1.529,  it  not  unfrequentlj  col- 
ectsin  wellB,mines,aiideaverns,anditis  the  choke-damp  which 
las  occasioned  so  many  serious  accidents;  fur.  ullbough  not, 
iTOperly  speaking,  poisonous,  the  free  secretion  of  carbonic  an- 
lydride  from  the  body  is  an  essential  condition  of  life,  and  tliis 

■  arrested  as  soon  as  the  amount  in  the  aimo:^pbere  exceeds  a 
itm  per  cent  Hence  also  (be  necessity  of  ventilating  crowded 
BpMtments. 

Although  an  immense  flood  of  carbonic  anhydride  is  being 
xmetantly  poured  into  the  aimosphere  from  the  various  sources 
ost  enumerated,  yet  in  the  beauiiful  balance  of  creation  the 
llaot  rofiores  the  equilibrium  which  these  causes  tend  (o  dis- 
orb.     This  product  of  animal  life,  of  decay,  and  of  combustion 

■  the  fond  of  the  vegetable  world,  and,  as  bos  been  stated  (64), 
lie  sun's  rays  acting  on  the  leaves  of  the  plant  undo  the  work  of 

ilwtruction.  and  while  the  plant  fixes  the  carbon  in  its  tissues, 
itlie  <wygeu  is  restored  to  the  atmosphere.  While  (he  plant  is 
in  appamtus  of  reduction,  the  animal  is  an  apparatus  of  com- 
Mtltlott,  in  which  the  carbon  it  receives  with  its  fooil  is  burnt 
ti  owdi  act  of  life,  nnd  every  breath  carries  back  corbouic  an- 
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hydriile  to  the  atmospbere,  ready  to  be  reabeorbed  bj  the  [ilut, 
and  repass  llirough  the  phases  of  organic  life. 

Walrr  dissolves  very  tifurly  its  own  volume  of  (-nrlmnie 
anhydride  ga.*  (53),  and  this  iinporlaitt  agent  is  as  univcrally 
'diffused  through  the  waters  of  the  globe  ns  it  is  Ihrniigh  thn 
atmosphere,  and  Euslains  the  same  intimate  relations  to  ib« 
plnnts  and  animals  which  inliabil  tlie  water  as  it  d(»?9  to  ihom 
which  live  in  the  sir.  Moreover,  in  ihi«  condition  of  -.uhition 
carbonic  anhydride  is  a  very  active  and  important  agent  in  lb« 
min(;ra1  kingdom,  exerting  a  powerful  solvent  action  on  many 
minernia  which  would  be  otherwise  anaSeded  by  water,  and 
tliua  cnusjng  extensive  geological  chnnges.  (279),  (312),  anil 
Prob.  07,  piige  394. 

Although  the  solution  of  COj  in  water  act«  in  all  respecU 
like  a  simple  solution  (54),  yet  there  ore  reasons  for  regarding 
it  OS  a  solution  of  carboniu  acid,  and  writing  its  ^ytnlHil  iliui, 
(Hj-O^'CO  +  Aq).  It  has  an  ncid  reaction  (39),  and  dl^he* 
iron  with  the  evolution  of  hydrogen  gas  (33o).  Moreover,  il 
neutralizes  many  basic  hydrates,  and  such  reactions  are  HMri 
simply  regarded  as  examples  of  direct  tnetalhesis,  thus  :  — 

(Ca-O//^,  +  IifO,'CO  -f  A^)  = 

Ca-0,'CO  +  {^H,0  +  Aq).  [371] 

Carbonic  acid  is  a  weak  dibasic  acid,  and  foFins  two  disiisct 
classes  of  salts,  the  most  important  of  which  huve  already  lien 
described  (123),  (124),  &v.,  and,  as  may  be  inferred  from  what 
lias  been  said,  carbon  is  next  to  f^ilicon  tlie  most  abuudunt  acid 
radical  in  the  mineral  kingdnm. 

The  quantity  of  CO,  formed  by  the  buminK  of  a  knowfl 
weight  of  carbon  can  be  collected  and  weighed  wiih  the  greaUA 
accuracy,  and  it  was  thus  thai  the  atomic  weight  of  carbon  <ni 
determined.  Dumas  found  in  a  series  of  very  accurate  experi- 
ments that  100  parU  of  pure  carbon  yield  exactly  36tJ.Gf>  *  ou» 
of  CO,. 

415,  Carbonic  Oxide,  CO,  is,  like  COp  a  colorless  gna,  bol 
conlaina  in  the  same  volume  only  one  half  as  much  oxyi;f  n,  ami 
its  molecules  not  being  saiiD'atcd.  act  as  powLTful  dyml  radioib 
(CD).  The  gas  is  devoid  of  odor  or  taste,  is  very  poisoiniu».  it 
but  slightly  soluble  in  water,  and  has  never  been  couden»ad  Ui 
tlie  liquid  slate.     When  ignited  il  burns  with  a  blue  damo,asJ 
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bva  in  conlact  wtlb  healed  metallic  oxldas  it  acts  as  a  power- 
il  reducing  Ngent,  ia  eocli  case  eagurly  absorbing  more  uxy^ren 
itbaut  changing  in  volume-  It  h  fbimed  abundantly  in  all 
irnaceA  nud  grates  whenever  the  first  product  of  combuslion, 
iways  COf,  subdeiiueotlf  pa^sses  tbrougli  a,  luasa  of  iguited  car- 
Uiacvoua  combui^tible,  aud  it  plays  an  imponaot  part  in  niany 
«talIurgi(uJ  procusiiea,  not  unfrequently  occasioning  a  great 
BS  of  bual  by  e.fuipiiig  combustion.  It  h  ati-o  foi'iiied  whan 
earn  is  parsed  over  ignited  coal,  and  it  is  a  ubiuf  ingredient  in 
le  so-called  water  gas. 

Ciirbouic  oxide  may  be  obtained  in  a  pure  condition  by  a 
jinber  of  cbemiual  feaetiona,  of  which  the  following  in  the 
Ml  available :  — 

D,  also,  when  oxalic  acid  is  dehydrated,  —  best  by  heating  the 
ystald  with  concentrated  t^ulphuric  acid,  —  it  breaks  up  into 
'Of  and  CO,  which  are  evolved  in  equal  volumes,  and  the  CO 
tj  be  isolated  by  passing  the  gas  through  a  solution  of  caustic 
"  which  absorbs  the  CO^ 


ff^o,'C,o,  —  H,o  =  3®,  +  a 


[373] 


In  theoretical  chemistry  CO  is  chiefly  intere*tinp  as  an  im- 

irtant  ncid  radical,  and  when  apting  in  this  capacity  it  is  nsu- 

ly  known  as  carbonyl.     It  ia  the  acid  radical  not  only  in  the 

carbonali-s.  but  also  in  almost  all  of  (he  organic  acids. 

e  following  iKauliful  synthetical  reaction,  obtained  by  simply 

iting  carbonic  oxide  ga»  with  potassic  hydrate,  illuslraleii  the 

elattoni  of  this  radical  to  an  important  chu^s  of  organic  acids. 

A*-0-i7+  CO  =  X-0(COW).  [374] 

Fnder  tlie  influence  of  direct  sunlight,  carbonic  oxide  combines 
directly  with  chlorine,  forming  CO'CI^  called   phosgene  gas. 

Us  compound  is  at  once  decomposed  both  by  water  and  am- 
\  (AV/j),  and  in  each  of  the  resulting  reactions  the  radical 
OO  evidently  retains  its  integrity. 

CO-Clt  +  H,0  =  2HCI  +  CO,  [S75] 

co-ck-\-  iff^=  ir„ffjx,'Co  +  2jva,a    ^ii^-\ 
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41C.     Oxalic  Add.    fff0i-C^0,.iU,O.~-rU:    r. 
of  Iliis  add,  C,0„  li&s  never  been  obliiiiio!.  ■■■■  '  ■' 
forma  (he  first  lerm  of  an  importani  eerie?  ■ 
which  coiHaJii  liyilrogou.    Stricily,  iliereTun 
with  llie  Biiuplu  couiiiounild  uf  carbon  luiJ  ij\j  . 
luas  ii  is  best  stuilitd  in  this  i-Dtinection. 

TliB  culcic  Bn<l  jKiUssic  ealts  of  oxalic  ndd  itre  fii  r  : 
juit^i^s  of  many  plauls,  and  when  organic  liudica  an-  o^     . 
v'ltria  add  or  simiUr  agents,  this  add  is  ono  of  ttif  ii 
mon  producU.     It  ia  made  iu  the  nrts  by  Ui«  a<.'iiL>i,  < 
ai'id  on  uugar  or  starch,  and  also  by  ht&luig  snirdiut  n.il     _ 
patiu^b. 

Onalic  acid  easily  crystullizes  id  priems  wliioh  hsf  r  ihr  o 
position  indiceted  above.     Tbe^'O  crytlalii  lore  ttifir  waU* 
cryaiallizalion  at  100°,  and  at  1 00°  ilw  body  il*c-li'  i>-  limi 
up,  the  products  being  ciirbonic  anhydride  and  f<.M  i 
hut  tlie  gienter  part  of  the  last  ia  still  furihcr  dccoiit: 
waKT  and  carbonic  oxide,  and  a  portion  of  llw  oxalu 
vaji  sublimes  unchanged. 
r,ff,0.  =  Cll,0,  +  CO,  and  011,0,  =  H,0  +  CO.  [377] 

When,  however,  t!ie  acid  ia  heated  with  glycerine,  llie  i> 
is  arrested  at  llie  first  Etuge,  iind  yields  the  eijutvtihmt  qiu 
of  formic  acid. 

Oxalic  acid  ia  both  diatomic  and  dibasic.     Thas  w«  ixn-^ 
Normal  Polasuic  Oxnlale  K,-0,'C,0,. 

Acid  Pot4uiHic  OjtBlfttc  (Salt  of  Sorrel)      U.K-iiiC,0,. 
Super-acid  PolassicOxBlale/^A'-0,'C,0,.tf,'0,-C;0,. 2 

The  last  is  usually  regarded  as  a  moloeular  oomiiaitDiL 
the  (txcieption  af  the  alkiUine  salts,  the  oxnlain  n*\ 
insoluble  or  difficultly  Njluble  in  nnler.  and  on  itie  grext  ti 
bility  of  calcic  oxalate  §erera1  iaportant  analybciU  pre 
depend. 

Calcic  oxalxte,  when  healed,  is  coDrertcd  bU)  alcia  i 
bonatti. 

C!a-0iC,0,  =  Ca-0fC0-\'CO. 

When,  however,  iho  acid  itself  b  \nMtA  vtlh  on  eueas  oTII 
wc  obutin  a  MHnewIuii  difierent  re«ulL 


Oxidizing  ftguDts  convert  oxalic  acii]  into  CO^  (Prob. 
;o  391}  by  rctooviog  tiic  typical  lijJi-ogeu, 


lit] 
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tiib»t«ncea  Iiaving  a  strong  utiraction  for  nuti; 
add  into  CO,  anJ  CO  [373], 
Lrgeniic  oxulule,  when  heateJ,  is  resolved  wii! 
I  metallic  silver  and  GOy. 


[380] 


Asi  Oi-  C,  O,  =  Ag  Ag  -f  2  CO, 


n  the  othei 
I  aiino'plK 


pai] 

banil,  when  an  amalgam  of  poIof^Bium  b  heated 
re  of  COa  the  gas  ia  absorbed  aod  pulasHic  ox- 


K-K-\-  2 CO,  =  KfOi-C,0, 


[382] 

all  justify  ihe  rational  symbol  assigned  to  ox- 
acid, and  by  writing  the  symbol  ae  in  the  mor- 
Uie  relation  of  the  atoms  ii  maile  more  evidviiL    H'O-C'O 
ihm  Bee  lliat  dry  osalle  acid  may  bo  regarded    B'O-C'O 
formed  by  the  union  of  two  atoms  of  the  com- 

'  radical  {NoCO)-,  held  together  by  one  alUnily  of  each 
be  carbon  radicals,  which,  whi^ii  uot  thus  satisfied,  may  join 
radical  to  any  other  group  of  atoms  that  is  iu  the  condition 
This  radioal  is  colled  oiatyl,  and  dry  oxalic  acid  ia 
lently  the  corresponding  radical  substance.  Oxalyl,  aa  ia 
dent.  13  not  only  univalent,  but  also  monobasic,  and  therefore 
St  tmniifonn  any  group  of  atoms  to  which  it  is  united  into 
«cid.  Moreover,  the  basicity  of  such  an  acid  trill  be  meas- 
d  by  the  number  of  atoms  of  oxaiyl  which  it  contains,  Now 
irly  all  the  so-called  organic  acidfi  may  be  regardi^d  as  com- 
i  of  oxatyl  with  the  different  hydrocarbon  radicals, 
containing  one  atom  of  oxatyl  are  monobafiic,  thoec  con- 
liug  two  atoms  are  dibasic,  those  containing  three  are  Iriba- 
Oxaiyl,  however,  must  itself  be  regarded  as  a  compound 
corbonyl  with  hydroxl,  and  thus  we  arrive  at  this  important 
eral  principle.  T/ie  hanicily  of  an  organie  acid  it  delermiaed 
Ae  atunbrr  of  atom*  of  J/o  which  it  containt  astociated  with 
iantfiy     Moreover,  it  now  appears  why  the  basicity  may  be 

>ntlr 
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less  tlian  the  atomicity  -,  for  the  last  ia  measured  b;  the  luto{ 
number  of  Bit  atoms  present,  however  unit«i]  to  the  nudeiu  uf 
the  compound  (43).  But  while  the  hydrogen  of  all  tlic  JJ» 
atome  in  a  compound  miiy  be  displaced  by  very  pujsitive  met- 
als, or  conipound  radicals  of  either  ulasa,  we  mn  only  diepbtt 
Sy  double  decoinpotitioa  with  bates  tbe  hydrogen  of  tbuta  auoa 
tvhiuh  are  a^ociated  with  carbonyl. 

Tlie  explanation  uf  ihia  impurtant  principle  seems  to  be  tlu% 
while  a  strong  jiositive  metal,  such  aj  sodium,  will,  like  a  pow- 
erful magneiit!  pole,  increase  the  attraction  of  the  poini  of  affio- 
ity  U>  which  it  is  opposed,  sad  thus  give  to  it  an  i-ncrgj  t( 
would  not  otherwise  possess,  yet  in  the  ordinary  metathcticd 
reactions  the  atoms  of  hydrogen  cannot  be  displaced  unless  tb^ 
are  in  a  polar  condition,  such  as  is  determined  by  their  a 
ation  with  carbonyl. 

417.  Carbonic  Sulphide.  CS^  —  Charcoal  bums  in  an  ati 
raoaphcre.  of  sulphur  vapor  with  almost  as  nmcli  energy  u  ia 
oxygen,  forming  a  colorless  gas,  which  at  the  ordinary  tem|ttr- 
aturc  of  the  air  condenses  to  a  very  volatile  liquid,  disiiuguitbad 
for  its  very  great  refractive  and  dispersive  power,  oiji 
uBed  in  the  arts  aa  a  solvent  of  pbo^pltonis,  sulphur,  nn' 
chouc  The  compound  CS  has  never  been  obtained  i. 
stale,  but  the  following  reactions  indicate  Uiat  it  eJUMs  ■ 
acid  radical  in  certain  sulphur  salts  (38). 

KS-^-  C.%  =  KfSfCS.  I 

iPb-'Of[NO^,  -f  Ki&tCS  +  Aq)  = 

Pb'S/CS  -I-  (2K-0-N0^  -I-  A^).  I 

PbSfCS-{-  {H.,S+  Aq)  =  PbS-{-{HfS,-CS-\-Aq).  [4 
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418.  Cganogen.  CN.  —  Although  carbon  will  not  c 
directly  with  nitrogen,  yet  when  healed  in  an  atinospl 
this  gas.  anil  in  the  presence  of  a  strong  alkaline  base,  U 
elements  unite  with  the  alkaline  metals,  and  the  r«8ul 


of  tlio  most  imporiflnt  eontrtbutioM  raeenilT  rnndo  to  Chemistry,  a 
Ihor  would  bcre  *C  know  ledge  his  pwit  indcbteclDeM  to  Ibo  Papon  aftt 
aoDCobemiit  in  thepre|)aratloDortb«preicnIiliris[onorthlK«    ' 
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il9.] 

contains  the  compouad  radical  C^,  nitli  wliieh  ihe  Btu- 
it  it  already  familiar,  under  ihe  name  of  cyanogen. 

KfO^-CO-\-4:C-\-N-N=2K-CN+^CO.    [386] 

ilte  cnrbriBjl,  cyanogen  is  a  very  alroDg  negative  or  acid 
tic&l,  and,  if  we  accept  the  theory  of  Fronklaud,  we  need  admit 
Othisr  scid  radical  than  the»e  two  "  in  investigating  ibe  whole 
of  organic  compounds."'  In  many  of  itscliemical  relniions 
gen  closely  reaembles  the  eterai-nis  of  tlie  chlorine  group, 
ining  many  compounds  which  are  analogoua  to  the  corre- 
Bding  chlorides,  bromides,  and  iodides,  but  in  other  respeetB 
Siffen  widely  from  these  elements,  both  on  account  of  its 
npound  nature,  and  the  singularly  complex  relations  of  the 
ademenU  of  which  it  con^iste.  Its  univalent  condition  is 
obriouj  result  ot  the  atomicities  of  its  two  cbnstitucols. 
419.  Cyanogen  Gas,  CN-CN  or  Ci/-C^.\)vars  the  same  re- 
on  to  the  radical  (7.V  that  chlorine  gas  bear»  to  ilte  element 
Mine  (G9),  (113).     It  is  easily  made  by  heating  r 


HgCy,  =  -%  +  ®y^y.  [387] 

Ibfl  Barac  time  a  brown  non-volatile  product  is  formed  which 

called  paracyanogeo.  Tliis  body  i-i  isomeric  with  the  gas, 
probably  represents  a  more  condensed  molecular  condition, 

1  ia  converted  wholly  into  cyanogen  when  heated  in  an  inert 

MBphere. 

Cyanogen  has  been  condensed  to  a  liquid,  boiling  at  — 20*.7, 
froeeing  below  — 34°,  which  is  its  melting-point.  The  gas 
alorleaa,  has  a  suffocating  odor,  and  is  poisonous.  It  burns 
1  a  beautiful  flame,  which  recalls  the  color  of  peacli-biossoms, 
ihe  products  of  its  combustion  are  CO,  and  N-N.  It  dis- 
«a  in  water,  but  not  so  freely  as  in  alcohol.  Tlie  aqueous  so- 
Uu  moreover,  is  not  pennanent,  for  the  cyanogen  slowly  unites 
I  the  elements  of  water,  changing  into  amnionic  oxalate. 

[388] 

TIWMit,  hmniTer,  a  <1ni!  of  (omowluit  oiacnro  Midi,  ronntJ  bv  the  action 
"    OfSO,  on  vnrioca  orgaalo  iubsfancw,  in  which  the  m.lkid  l/I^SO,y 

n  to  |il>r  tha  uiD«  part  m  the  radical  ointvl  la  the  compound*  jut  na- 
Sooii  boilia  wBre  ftinnerly  uid  to  be  eopnlitted  «r  coi^ugnted,  Ulil 

IHCM,  ibongb  bucrlf  dbeirded,  were  not  wliolly  lii(.ppropriHle. 


CIf'C.V-{-  4//,0  ^  {NH,)fOi-C,Or 
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On  llie  other  liand,  when  amraimic  oxnhtlR  U  l>«ab<d  liie  tdi^ 
is  reve»eJ,iuid  Uiuse  facts  show  hawcoMlf  carbonvl  ■■-'  — 
ogen  are  convertible.     Cyuiogen  unites  diroctlj  wii  . 
formmg  K-CJf. 

420.   Jfi/droci/anic  Acid.   ff-CK  —  Tbv  nnhyi. 
comljuiitible  and  very  voUitUe  IliiuiJ)  b  most  tvadi 
by  passing  H^S  over  HgCyj,  but  a  solution  of  ibe  hi 
(ihe  prni*«ic  add  of  |iimrniocj-)  mav  he  mndu  liy  rl:  . 
tas-ic  cyanide  or  ferro-cynnide  with  dilute  »ulpliuric  m nl- 

Hydrocyanic  acid  las  tbe  peculiar  odor  (if  bitter  alnimk, 
and  i«  intensely  poisonous.  Il  is  n  very  un<tabl4i  body,  «d4 
both  the  hydrous  and  the  anhydrous  acid  undrrga  »]A)tiiaau«t  , 
decomposition,  which  is  greaily  ai^celeratcd  by  llic  aetinn  it  iW  I 
light.  When  diluted  with  water,  aad  tnisetl  wilb  «  nunad  I 
acid,  it  in  more- permanent,  but  il  is  m>  Watil«  iJibI  tsmi  ita  I 
very  dilute  arid  u»ed  in  pluirinacy  rapidly  loue*  attvnjpii  «kts  j 
exposed  to  tho  nir. 

By  absorption  of  the  elements  of  water  both  nmiiiouir  nsalaV    ' 
and  ammonic  formate  are  »lowly  farmed  tn  tiie  ai|U'"i^<  n  i<!. 
The  first  by  a  reacliun  euniUr  to  [388 j,  and  ib«  «f .  n.. 


Whon  the  vapor  of  ammonic  formate  ii  pa«<«d  ibroncli  a  r«d- 
hot  tube,  the  last  reacdon  'n  reveraed.  In  likn  maniii^r,  alM* 
hydrocyanic  add  is  mixed  with  liydrodiloric  add  (biiili  rnnauh 
traled),  we  have 


421.   C^anidxt. —  Ilydrocyantc  acid  t«<ldens  I 


and  poin>»ic  cyanide  tiai  an  alkiili 

freely  diwulves  llgO,  forrattt^  Nyfjyf.  and 

more  readily  bymeruihesis  from  potastic  ■■'_■ 

her  of  metnllie  cyanides  may  be  uhCainnl. 

ides  are  very  soluble  la  water,  and  scvmil 

the  heavier  mctuls,  lika  HgCyg  dinsidvn  lo  a  limiii 

Most  of  ihem,  buwcver,  aro  insoluhio  in  ptiro  ki 

few  excepUaiw  ihey  all  dissolve  fVeely  in  soJiUJaM 

Hue  cyanides,  with  wliicli  they  furm  double  ullj^ 

iif  AgCi/KaA  AuCy  iu  {KOj  -{-  Aij)  ami  ttry 


I  fwUy. 


(3U>.        IthoWHtt 
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proccM  of  clccCropluting.  The  double  ojaniJts  are  a  elill 
«  dcfinilc  noil  Dumi-roud  cliiss  of  sulu  (liaji  thu  simple  cyiui- 
.     Among  Uium  we  tntiy  cile  lu  exampica 

A3  CSj  .  KCy         an<]         ZnCy^.^  KC<j. 

Atl  tboe  cyanides  contuin  cyttnogen  &*  such,  and,  with  few 
BtpUoDS,  when  hcnt^sd  with  dilute  hydrochloric  aci<l,  tbey 
'1  HCy,  and,  if  soluble,  arc  violent  poisons.  Theru  in,  liow- 
Br.  aDuUi«r  class  of  campouiidii  formtid  by  combining  wiili  ilie 
Inline  cyniudM  ibu  cyanides  of  iron,  cobuli,  chromium,  plii- 
inm,  »nd  a  tew  uf  the  rarur  metals,  which  do  not  ovoUu 
Vg  under  Uie  iiiflueticv  of  hydrochloric  acid,  and  have  not  the 
e  deadly  character.  Moreover,  the  metals  which  ihuy  c«n- 
,  auinoi  be  diiiplac«d  by  the  usual  meiatbetical  umthod^. 
ifo  we  have  come  to  the  conclusion  that  theae  bodicts  are  not 
e  cyanides  of  the  metals,  but  contain  far  more  complex 
'i,  of  which  the  mcials  jual  raencioucd  funn  u  pari.  The 
lit  importaDt  of  tliose  compounds  are  described  in  the  next 
pneclionti. 

«2.  Ftrrocymiiht.  R;{FeCtN;,)  or  RfCfy.  ~  Vaxaa^ie 
oeyanide  (yellow  prussiate  of  potanh),  K^Cfy,  ia  an  impor- 
It  eommercial  product,  manufactured  on  a  large  scale  by  fus- 
:nIttDgeniied  animal  mailer  wilh  potassic  carbonate  and  irun- 
igh  lixiviating  the  reeulling  mass  with  water,  and  cryslallix- 
,  The  xak  forms  large  yellow,  square,  tabular  crystals,  ia 
f  much  used  in  dyeing,  and  is  the  primary  source  of  all  rho 
n  compounds.  It  may  also  be  made  from  KCg  or  HCy 
B  foUowin 


FtS-\-  CK-C2f=  K^{FiC,N,)  +  K\S.        [391] 

tF^Oi  +  3/>0  +  lB/r-CN=: 

iFoj']^>(F(a^,)^  +  Bff,0.  [302] 

t^<l,-"05ft  +  {UK-rh  +  Ag)  = 

ilF.^lffo,  -f.  {SK^(ys,+  Ag).  [393] 

foaed,  the  ferrocyanide  is  partially  dccompoeed,  yield- 

cyaoide,  which  is  made  in  great  quanUties  in  ttui 

F0  CyP.)  =  4A--  (7Jf  -t-  Ft  C,  +jV-A:       [3943 
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way.  reviously   misiug   Ilie   ferrocyanide   with   putaaic 

carbonate  a  larger  product  is  obtained,  but  less  pure,  as  potasw  ■ 
cyauate  is  formed  at  the  same  time.  •  J 

5K'CN-\-  K-0'CK->rFe-\-  CO^  [395]  ' 

From  the  solution  of  the  potasniam  salt  various  fcrrocTanidw 
are  easily  prepared  by  BimnlH  in f^tn thesis,  and  several  of  Wvrat 


have  striking  and  chl 
tion  is  mixed  with  hv^ 
anic  acid  is  precip 


With  a  ferric  aal' 
anide). 


lors.     Thus,  when  the  solo- 
d  and  ether,  hj-dro-femx^- 

-qfS  +  iKCl.  [39fi] 

uasian  blue  (ferric  fetrog- , 


Aq).  [397] 


Hence  the  origin  of  the  name  cyanogen  (icuuvot  ytrvaai). 

■\Vith  a  ferrous  salt  the  prccipitale  is  whilp  or  nearly  so,  lu 
becomes  blue  in  contact  with  the  air. 

(Fi-Ck  +  K,iCfy  +  Aq)  =  K^Ff^Cfy  -f  [2KCI  +  Aq). 
"""'■  [398] 

laA^j^dOy +  30^0  =  2[iT).>iOy, -I- 6^.5(7;,  + 2/'f,0, 

With  ciipric  s.ilis  we  liiivo  a  red  precipilnte. 

{iCu-Oi-SO^  4-  K^^Cfy  +  Aq)  = 

Cu^^Cfy  -f-  C2AVO,'SO,4- J}).  [399] 

The  soluble  fi-rroeyanides,  as  a  rule,  erystailize  readily,  tod 
the  crystals  usually  contain  several  molecules  of  water,  Uias;— 

Na,Cfii .  1211/).  Na.h'^C/i/  .  C/7,0,  Ba^C/;/ .  SHfi 

K^BaiCfy  .    911,0,  Zn^Cfy  .  3H,0,     iC.H^y^C/y  .  iS, 

423.  Ferricyanidei.  —  Bypassing  CT-C/ through  a  solmi 
of  Ff°(yy  a  compound  is  formed,  A'^[C^,],  containing 
hexad  radical  {C!fy-Cfy)%  which  Bustaiiu  the  eune  reUlio' 
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7jy  tliat  T^  beard  to  [7^']]i.  On  evaporating  the  solution  wd 
'lUiu  tile  salt  in  deep-itid  cryetalB,  whicli  are  au  uriicle  of 
immerce  under  the  name  of  red  prussiute  of  potash. 

iK,i  Cfy  +  CI-  Ct  4-  Ag)  = 

(ff^C^yJ  +  2A-a+  J9).  [400] ' 

Other  ftirricyanides  may  be  obtained  from  tbe  potassiuni  salts 
r  meUtbesis. 

With  a  solution  of  polas^^ic  ferricyanide  ferrous  aoltj  give  a 
tep-blue  pre<'i)>itale  called  TurabuU's  blue. 

3(ft.(Ji+  AJ[C/,J  +  A,)  = 

Ferric  flails,  on  iho  other  hand,  give  no  precipitate,  and  it 
■ill  lie  noticed  that,  while  these  ealts  give  a  blue  precipitate 
ilh  the  ferrocjanide^  the  ferrous  salts  i;ive  a  blue  precipitate 
with  the  ferricyanides.  Hence,  a  simple  means  of  distia- 
lisfaing  the  two  classes  of  salt. 

4Si.   OlAtr  Cumpoandt  of  Ct/anogen.  —  Chlorine  forma  with 
three  polymeric  compounds. 

O^-Cl  (Sp.  Gr.30.7),  {0<j-)-C%  (Sp.  Gr.  Cl.5), 

&•■  Liquid, 

(CV,)^C7,  (Sp.  Gr.  92.1). 

n  like  manner  there  are  three  polymeric  oxygen  ncids. 
nO'Cu.  IfyO/iCv,).  H,'0,^(O,j,). 

Crulo  AMiI.  IHEjiule  AiTcL  Cruuiio  Adit 

The  tendency  to  polymeriam  (70),  here  manife.'il«d,  is  a  re- 
;able  feature  of  the  cyanogen  compounds,  and  gives  rise  to 
roduAia  of  great  complexity,  moat  of  which,  however,  have  been 
It  little  studied.  Their  condensed  molecules  are  evidently 
bU  together  by  complex  radicals  formed  by  the  coaleacing  of 
ivcral  stoma  of  cyanogen,  and  it  is  evident  that  the  ntomicily 
^•uch  radicals  must  be  equal  to  the  number  of  elementary  atoms 
'kbj  one  kind,  nitrogen  or  carbon,  of  which  llicy  consisL  On 
Id  tame  principle  the  constitution  of  the  ferro-  and  ferri-cysft' 
OS  vdl  ui  thai  orparacj'atiogi.-n,  may  Vie  Qx^\ta.ixt^ 
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425.  O/anatfS.  —  Cy&nic  acid,  rfrcrrvd  to  abovo,  foran  n 
important  i:la^  uf  sulbt  wliiuli  have  a  great  th«oruiii»l  inttrst 
on  Bccouiil  of  the  remarkubic  trttasfunmiUitis  of  wliidi  manj  ilf 
ihent  are  su^i-ptible.  Puta.^ic  cyaiuto  ia  ruailily  iHvpurat  bj 
dropping  lUliargR  into  the  fused  c^rBuidi;,  of  fcrrocj-aaiil^  m 
long  as  tbe  oxiilo  ia  reduced. 


A-f>  +  pbo=K-o-Cs  4-  r^ 


[wq 


In  order  ta  crystallize  the  salt  tli«  fiu«(l  nukw  sbould  bit  ef 
haunted  with  alcobol  of  8u%,  since  an  evaponiiing  an  siiibmi 
solution  the  salt  ia  slowly  decomposed.  The  ame  cbaOf^r  talw 
place  rapidly  wlien  Uik  Mill  is  lieaied  with  potaMio  bydntlc 

K-0-CN-\-  K-0-H+  H,0  —  K^OfCO  +  Sit,  [Wj 

When  potRssic  ryanaie  U  mixed  in  i>oIiiiion  with  Bmmonii; 
sulphate  a  mcialbenii  takes  place,  bnl  the  rt^anliing  umMtiie 
cyanate  is  at  once  transformed  inlo  a  rotnarlcabltt  cDtDpousd- 
unmonU  or  amiue  (167)  called  urea, 

mtcO-CN=  ff^fffXfCO.  [4M] 

and  by  this  Reaction  the  iiynthesis  of  tliii  cunplex  organic  yn- 
duct  was  first  obialoed. 

The  moat  interesting  of  the  cyanatcs  are  tlio  mmpnanib  f»IW 
r^anic  ethers,  in  which  methyl,  etbjl,  ^ec  are  ibo  basic  radicab- 
Tbt<y  are  easily  obtained, 

K'0-C»-\-K.OJTiOiS0t=Kt-O{SOt+C,H^-O-C>f,  fiW]    I 

and  the  investigation  of  the  many  wonderful  tnn format iont  «f 
which  they  are  sii<iceptible  was  one  of  the  ninat  bnpnrtaiit  tu^ 
in  the  progress  of  organic  chemistry, 

As  cyanic  acid  when  beatod  with  an  «xcc«»  of  potMli  J 
a  tlie«  cyanic  ethcn  yield  various  a 


The  fbllowSng  reaction*  «n  Ofinallj  insirtictiTv :  — 

(V/j-o-ay-^ 
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CJIfO-CN-\-  Jf'0-C,ff,0  = 

A««=*cd.   H^c,n„c,n^o-^N -\-  co^  [4os] 

2C^fffO-CN4-  HjO=  ff,.(G^^)fN.fCO+  CO,.  [409] 


The  ttbove  reaciions  will  appear  more  Bimple  if  the  symbola 
f  ilie  cynnic  eitiers  ore  writtuo  after  the  ammonia  type  Uiub, 
\fft.CO'J^,  and  thai  tliis  is  their  true  couBtitution  is  rendered 
Kituiblti  l>y  ilie  fact  that  a  body  has  recently  been  discovered 
died  cyaiietlioline,  wliicli  appears  to  be  a  true  cyanic  ether. 
:  is  made  by  the  I'eactioD 

ya-0-C,ff,+  q/Cl  =  JfaCi -\-  CAO-Q,!  [410] 

id  when  acted  upun  by  potash  it  yielili,  not  ethylamine,  but 
unman  alwliol.  (Prob.  3,  page  77.) 
426.  Sulpho-cffanaiet.  —  By  fusing  potassie  cyanide  with 
llphur  we  oblHin  llie  sulphur  ealt  corresponding  to  potassio 
faaUe,  or  ^-.S^-  Ct/,  and  from  this,  as  from  the  cyunate,  a  large 
amber  of  conipounda  may  be  derived.  Potuseic  sulpho-cyan*. 
tSib,  although  without  action  on  ibe  ferrous  compounds,  elrikes 
deep-red  color  in  a  uoluiion  which  conlaina  the  least  Iraoa  of 
ferric  salt,  and  for  ibid  reason  is  a  very  useful  reagent. 


CARBON  AND  HYDROGEN. 

427.  "Orifanie  C/itmislry." — It  has  already  been  stated  that 

organized  bcio^rs  consist  of  materials  composed  chiefly  of  carbon, 

lydrogeii,  osygen,  and  nitrogen ;  but  few  as  ure  the  chemical 

lements  concerned  in  the  procesaes  of  organic  life,  nevertheless 

le  number  of  compounds  which  have  been  discovered  in  the 

MUM  of  animab  and  plants,  or  formed  by  their  chemical  met- 

■morpho^is,  is  esceejingly  great.     Such  compounds  are  called 

Orgaaie  Compound*,  and  in  works  on  chemistry  they  are  usually 

M-wUtA  together  under  the  separate  lieod  of  Organic  C/iemiitry, 

While  tlie  molecidos  of  mineral  compounds  consi.il  for  iho 

iBiMt  part  of  only  a  few  atoms,  those  of  organiu  compounds  fre- 

<)a«nt1y  contain  a  very  large  number,  and  the  diversity  in  or- 

lio  chemistry  is  obtmned,  not  by  multiplying  the  number  of 

but  by  varying  the  mulctuulur  grouping.     It  was  for- 
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merly  supposed  that  the  great  complexity  thus  prodQced  « 
sustaineil  by  what  waa  callc<l  the  vital  principle ;  but  altbtnq 
the  cauae  wUioli  iletermiDes  lUe  growth  of  organized  t 
still  n  perrecl  mystery,  we  now  know  ibat  the  materials  of  wUI 
they  eoDsist  are  subject  to  the  eaiiie  lawa  as  mineral  inaU«r,  4 
thQ  complexity  may  be  traced  to  a  peculiar  quality  of  a 
already  described.^     The  atoms  of  carbon  are  proae  to  ci 
Among  themstslfM,  and  the  same  tendency  which  1 
several  of  the  elements  to  a  limited  extent  h  di.'veloped  ii 
case  of  carbon  to  a  very  high  degree.     Carbon  i» 
of  an  organic  compound  in  a  peculiar  acn^e.     Irs  alotas,  loc 
together  like  so  many  vertebne,  form  the  framework  I 
the  other  elements  are  fastened,  and  thus  a  complox  moleo 
structure  is  rendered  in  a  wonderful  measure  comiutcl  and  a 

Organic  chemistry  is  simply  the  chemistry  of  the  c 
of  carbon,  and  has  no  distinctive  character  except  that  m 
the  peculiar  qualitiea  of  this  singular  elemejit  giveh 
over,  although  in  a  compendium  of  the  science  it  may  b 
venient,  or  even  necessary,  to  distinguish  between  nuneii 
orgiinic  chemistry  on  account  of  the  great  prepoaderanc 
importance  of  the  compounds  of  carbon;  yet  in  a  work  o 
ical  Philosophy,  where  the  object  is  oot  to  enumenM  f 
there  seema  to  be  no  good  reason  for  departing,  in  ihi 
this  single  element,  from  the  general  scheme,   or  tr 
more  fully  tlian  is  required  to  illustnile  the  Dew  and  I 
principles  which  it  presents  to  our  notice.     Indeed,  11 
mentary  work  no  oiJier  course  is  possible,  since  a  mere  I 
the  known  compounds  of  carbon  would  (ill  a  large  Toliunei. 

428.  Hydroearbont.  —  If  w9  conceive  that  the  carbon  a 
of  the  Buccesaive  molecules  are  held  together  by  the  1 
poftsible  number  of  bond*,  then,  as  shown,  in  (34),  th«  t 
of  the  possible  hydrocurlion  compounds  of  tliis  cla«8  Wh 
expressed  by  the  general  symbol  C,H^+t,  and  each  nun 
the  series  would  differ  from  the  preceding  by  CIJ^. 
we  conceive  that  the  skeleton  of  carbon  atoms,  instead  O 
senting  at  either  end  an  open  affinity  as  in  Fig. 
closed  chain  a;  in  Fig.  b,  the  hydrocarbon  ntoms  of  tUs  « 
class  would  be  expressed  by  C^Hj,^  and  form  another  se 
■"irence  as  before  of  CH^     Lastly,  if  wa  s 

1  studant  ebouJd  very  anntaXly  rariuw  (3t)  \a  IliU  ooaui 


i^] 


^o-o-oc-c-c- 


•C  C' 


-  c  - 


r  ■■  IB  Fig.e,fb(v 


c-  o 


[  tba  hT^rocmAn  C^^  aid  adi  M  iIh  I 

:nl*  of  CBf  WQ  oblam  KOI  *  llwri  ■«•  <tf  fcyhncMfco— 

by  ihe  sjaAol  CJ^.,. 
Each  of  the  above  ajnbala  iniiiiwiHi  a  «■»•  d 
ondft,  of  wfateh  nanj  inemben  an  kaova,  ■•  ■ 

ua  page  477.     Moreover,  the  hTilroarlxxk*  of  ■ 


aalUi 


ntben 


iUr  ekaogea  wbeo  exposed  lo  the  aas 
prCMnl  a  regular  gmlaaoa  in  t^ax  fbjmt^  p 
onding  to  lite  diange  in  il 


CHioiotMly,  however,  tbe  thne  waim,  whoae  r 
sen  jt»t  described,  da  not  indode  all  the  poMiUe  hj^ 
r,  alaning  with  anj  one  of  the  more  emipiez  laoleciilai 
nt  cUm,  in  wliith  the  carfaoa  alMxi'  are  aailed  bj'  l] 

oeaible  oumb^r  of  boml^,  we  nay  auome  thai  the  <         

re  Buccesjirciv  do^ed  two  bj  two  bj  the  more  iniimate  nnioa  ol 

le  carbon  atumj  aoiong  themaelrea,  aad  we  ^hall  thai  obiaio  a 

erived  series.  wbo»e  encceaiave  membera  dlfler  bv  ibe  qoaDti^ 

^     Tlie  general  fjrnibnl  of  *ach  a  series  woold  be  C"*.--)** 

M  firat  term  being  C,/l^^,  m  standli^  for  the  number  of 

M  required  term  coanting  from  the  lint.      Compounds  thus 

tiaied  are  termed  ttoio^f*.  and  it  is  obirioiis  that  iho^  hydto- 

in  tbe  three  series  of  bomologuea  exhibited  above, 

'lucfa  contain  tbe  eame  number  of  carbon  atoms,  are  members 

rtbe  t«a)o  series  of  isologues;  but  it  ia  also  obrioua  that  be- 

lh»^  three  an  indednite  number  of  parallel  homologous 

1  ue  theoretically  poasible.     Tbe  student  will  best  untler- 

ihe  relations  of  tbi^  scheme  by  tabulating  the  po.^ibla 

ipoonds,  arranging  the  homologues  in  parallel  columns  with 

iaolognea  on  the  uuna  horizoatul  line.     He  will  *.bai  m» 
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(h&l  there  is  no  limit  to  the  number  of  hj^rocarboiM:,  exe 
tliat  fixed  bj  the  instabiliiy  of  tbe  resulting  moleculus. 

A.tuble,  prepared  as  Just  direcled,  would  not,  however,  i 
hibit  all  tlie  possibilities  in  this  Bclieme  of  the  Ii^droeartu 
since  we  may  conceive  of  the  atoms  of  eacli  of  ttie  more  « 
plex  compounds  as  arranged  in  different  wayo,  and  thus  gir 
rise  lo  one  or  more  isomeric  modifications.  For  esamptei 
may  eonatruct  tlie  i^ymbol  of  the  hydrocarbon  0,H^i,  a^  indJcx 
by  either  of  tbe  rational  forrauliB  {C-0-C-C)x  ff,„  orCi{C 
Knd  witb  a  little  ingenuity  the  student  will  readily  discover 
any  cAse  tbii  number  of  such  commutations  poMible,  only 
must  carefully  distinguish  between  a  tnori.-  arbitrary  changt 
the  relative  pD^itio^  of  the  atom«  and  a  fuiidatnentul  diOen 
of  arrangement.  Tlie  Inst  alone  implies  a  difference  of  qn 
ties  in  tbe  substance  wbich  the  formulx  represent,  and  indiei 
the  possibility  of  isomeric  modifications.  Review  jn  \\ui  C 
n  action  (70). 

It  mu^t  not  be  supposed  ibat  all  tbe  hydrocarbons  wliidi 
theory  prefigures  are  actually  possible,  that  is,  represent  6 
pounds  which  either  have  been  or  may  be  isolated ;  for  ■■ 
the  theory  has  taken  into  account  but  one  condition,  namely, 
atom-fixing  power  of  carbon,  and  many  causes  may  inten 
to  render  unstable  the  compounds  wbich  are,  from  this  one  p 
of  view,  theoretically  possible.    As  the  number  of  carbon  tOi 
increases,  a  condition  is  soon  renched,  when,  if  we  tavf  la 
press  it,  the  molecule  cannot  sustain  its  own  weighl,  and  ii 
caees  the  atoms  must  be  so  grouped  as  lo  presenre  certain  | 
relations  between  its  several  parts.     As  yet,  however, 
not  understand  ihe  laws  whi:'b  deiermiae  molecular 
and  cannot,  therefora,  foresee  the  result  in  a  given  ras<^  ao 
wa  are  unable  lo  control  our  algebraic  method.     Siill,  witi 
this  uncertainty  the  theory  ha«  its  value,  aud  not  only  i 
for  the  time  to  classify  our  facts,  but  gives  us  oae  of 
glimpses  of  ihe  order  of  creation  which  are  the  greotaal 
lege  that  the  stndent  of  nature  enjoys. 

But  with  all  the  limitations  which  the  condirions  of  Ml 
impoi<e,  Ihe  number  of  possible  hydrocarbons  must  ht:  very 
and  the  compounds  actually  known  can  form  but  a  veiy 
portion  of  those  which  may  hereafter  be  iiolnted.  The  sa 
linmologues  given  on  page  477  include  the  greater  part  • 


CARBO.N  AND  HYDROGEN. 


477 


>  llie  rnoet  important  oT  the  known  compoanda  of  tliia  cla». 

O^olhcr  Beried  a  few  members  bere  &n<l  Ilicre  huvc  been  recog- 

1,  bill  in  regard  to  mo^t  of  thi^se  our  knowledge  b  imperfect 

lad  UDceriain.     Many  hjdrocarbonj  are  found  in  a  free  alaia 

i  nature,  but  mixed  togitther  ia  tlie  petroleums,  and  in  ilio^e 

Fcombaelible  gases  like  the  tiiB-Uampa  of  uoul-Tiiines  tvhii^h  are 

r  brolved  from  the  enrlb  in  many  loualilies.     Olliers  are  found 

g  the  products  of  the  dry  didtilintion  of  coal,  wood,  or  other 

|i  organic  liAsue^,  and  in  either  case  the  individual  compounds  are 

f  liolated  by  variouB  processes  of  fractional  dialillation.     Oihere, 

jkin,  hare  been  obtained  by  various  ciiemicAl  reactions,  and 

I  cf  these  a  few  of  the  more  characteristic  are  given  below ;  — 


Uanh  Gas  S^its. 

C/'htt         B.  P. 


cWi^ 


AcelyUae  Seriet. 


C,H, 


Elsential  Oil». 
11  DtTariwitl» 


Phenyl  Sena. 


«u^. 


I  Several  of  ihe  terms  in  ihe  above  series  are  represer 
l-'Rt  leut  two  isomeric  compounds.  Thus  we  iind  in  ilie 
'  '\  petroleums,  mixed  wiih  (he  laat  sii  niembcr' 
;iu  series  live  oili«r  hydrocarbons,  i\ll,„  lo  C,/A, 


ted  by 


of  the 
,.  idon- 
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tic^  in  conipoiilion,  tmt  having  LoUing^poinls  anirur!.. 
degrt'es  liigher.    The  a>mman  (liffcrcnee  tir^ttreen  tbmv  t^juiin^ 
points  (which  hftve  been  dctennintMl  with  gn-al  aocuncj)  • 
very  nearly  SO",  anil  it  is  probable  thai  a  ^iinilitr  fncMMtn 
wuuM  nppi^ur  in  all  serii's  tif  truly  liomuluguiis  r-ompuuDiU.  iiJ 
the  diBcre]ianciea  noiit.'eable  in  sereral  memliia^of  <'i 
above  exhibited  are  probably  to  be  referred  to  th 
bodiea  are  Uri-e  incluflvd  vrliich  do  not  belong  to  tlit-  - 

429.    Afarih  Ga»  Smti.  VJI^^^  —  MolvcttUsa  haiij 
composition  roust  newssarily  be  clowd  and  uiiunUdd. 
the  hydrocarbons  of  this  class  are  indiSunnK  bcNlifw.  tm)  tj 
l^«adily  yield  Bub^litution  eompoutidi  cimr-"- ■    - 
bromine.     Tliuii.  whon  nc  act  on  niar»h  ^  ' 
rine,  hydcooliloric  at'id  is  formed,  Kod  we  ■' 
CUCl^    ecu.  or  C,  a.e  products  of  llie  r-  ,, 
the  conditions  of  the  experiment  and  thi:  pro[x;inio 
tors.      Marsh  gas  may  bo  obtained  perfoiAly  purw  frof&  i 
methide  (324),  which  is  decomposed  by  wnl£r,  as  shown  hjM 
following  reaction :  — 

Zn-(Cff,),  +  2If,0  =  Zn^O.^H^  +  20/1^      [III] 

Byn  similar  reaction  eihyli'^  and  amyllc  hydrides  c&n  bo  e^ 
buned  from  itinc  etbide  and  nine  amylide. 

The  iirit  member  of  ihi*  neries  Iia*  long  Iwpn  knnwn  ii»  x 
product  of  the  decomposition  of  veeclable  tifsiln  on<!.  r  whit. 
and  hence  the  trivial  name  Mareh  Gas,  It  is  the  diu  r  i  -!ii 
nentofthe  flre-damp  of  coal-mines,  and  of  common  illM:ri,i  mt.  ■! 
gaa  obtained  by  the  ilry  distillation  of  eonl.  It  \a  mu'j  '- 
ienily  prepared  by  heating  potassic  ncntotc  with  ■  Inrga  « 
of  potassic  hydrate  mixed  with  qnicklimc. 

It  can  also  be  obtained  by  cither  of  llie  following  n 
they  have  only  a  theoretical  intereBl. 

@3, -f  2in,9 -I- 4Cu  =  4CiiB  +  unit.  c4 
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Hie  firet  tvo  reactions  arc  obtained  bj  reilucing  carbouic  chlo- 

i  or  cbloroform  with  na^cuiit  hydrogen,  the  last  bj  pauing 

Sgag  mixeil  with  C<S,  vapor  over  ignited  copper. 

Uarsh  gas  has  no  sensible  (lualiiies,  and  has  never  been  liqne- 

kI.     Like  tbe  other  members  or  ihe  series  it  is  highly  combus- 

ible,  and  burns  with  a  luminous  Some. 

Hareh  gas  and  its  homologues  may  be  regarded  as  hyclriJca 

f  radicals  having  tbe  general  form  C.H^^^,  and  we  are  al- 

'y  aequainted  with  many  compounds  in  wliich  these  atomic 

p$  manifest  a  marked  individuality.  Ettiylic  iodide  ia  easily 

and,  and  by  ni^ting  on  ibis  compound  tiilli  zinc  we  oblaia 

I  hydrocarbon  which  may  be  regarded  as  the  corresponding 

idical  aubstancc. 

2C,ff,-I-\-  Zn  =  ZnT,  -f  C,ff.-P^,.  [416] 

i  like  manner  similar  products  may  he  obtained  with  several 

id  the  homologous  compounds,  and  by  using  iodides  of  two  radi- 

'multaneously  the  so-called  double  or  mixed  radicals  may 

b«  produced. 

Crff,-/-f  C^,'I+  Zn  =  ZnI^-{-  CHiC^B^     [417] 

rhe«e  hydrocarbons,  however,  are  all  isomeric,  if  not  identical, 

'ilb  the  normal  larms  of  the  marsh  gas  series. 

430.    OUjumt  Gas  Serici.  C.H^,  —  Molecules  of  this  type 

e  not  necessarily  closed,  but  are  capable  of  fixing  two  addi- 

inal  monad  atoms,  and  of  acting  as  dyad  radicals.     The  fii^t 

mnber  of  the  series  was  discovered  by  an  association  of  Dutch 

iinists  in  179.5,  who,  noticing  its  characteristic  property  of 

nbining  directly  with  chlorine,  called  it  Olcflant  (oil  making) 

IS,  because  the  product  of  this  union  is  a  thick  flowing  liquid. 

Ja  product,  long  known  as  the  Oil  of  the  Dutch  cbemista,  is 

lyleiio  chloride,  CifT,Cli.     Ethylene  bromide  and  ethylene 

ilde  may  be  formed  in  a  similar  way,  and  the  tendency  to 

m  ooropounds  of  this  type  distinguishes  this  class  of  hydro- 

Mrbons,  which  are  called,  for  this  reason,  olejtnet.     Uoreover, 

llie  hydrogen  atoms  of  the  bivalent  radical  may  all  be  replaced 

Iqr  chlorine  or  bromine,  and  the  resulting  compound  still  retain 

Ihe  same  typical  character.     This  ia  ahown  by  Ihe  following 

ions:  — 

Cifli  +  Bf-Br  =  (C^IQ-Br^  [4181 


4  so  OAKBOll  h^D  irrDnOCEN.  [iWL 

C,ff,Br  +  Jfr  .a-  =  (C,H^Br)-Srt,  [iO] 

(O^I.BryBr^  +  E-0  11=  CJJ^Br^^KBr  +  /7,0.  [4il] 

which  ntAv  bo  rt>|>enlt-(l  ivllh  the  Bui'(i«§Jr«  pnolucu,  unt3  4 
laat  wu  ob^iiin  C^Br^  niiil  (C,&t)-^r,  aa  ihe  ftnnt  rvmlu. 

Oleliniit  gas  is  most  rotdil^  ot)Uiiuu<I  liy  biailing  aloofao]  « 
BQveral  lini'^s  \u  volume  of  strung  sulphurifl  ncM.     Tha  r 
ia  sumcwliac  complimie'li  but  ihe  reault  b  ■  (lohydnuloa  01 
nlr^ohol,  iinJ   the  Kame  effect  may  bo  {iroduced  wllh  i 
phloriae  (323). 

Qflso  —  /T.o  =  c;//,  [4 

Lifac  raanh  gtis  this  AeriforiD  byilrocailmn  !«<  do  m 
qualiiies  anvo  a  slight  oAot,  due  prob:ibIy  to  a  mue  iif  e 
ll  haa,  however,  tioen  liqut-'GL'J,  anil  m  ^Igliily  >k>1iiLiI«  b 
Containing  in-ico  us  much  narbon  in  the  MUnii  volmmi,  il  b 
with  A  more  liiminoua  tiame  Ihan  ibe  ItgWr  ga>.  ami  Om  [Dm 
nating  [■oncir  of  coal-ga«  is  <Iue  )□  uo  incoui<iiIeniblu  n 
iu  pri'si'iice,     OlfGuiit  gua  ci>mb<oc3  direirily,  iiM  only  wilfc 
chlorine,  bromine,  i&in,  but  also  witii  tho  bydrugrn  acid*. 

r,fl,  -I-  ///=  r^^ 


Moreover,  it  i 


I  with  liypocliloroaa  aichl,  rixming  a  e 

(7,//;  +  //  o-c/=  {C^,ym,OL 

Thcee  reactions  nrolofinnl  ga"  illQ-tiralo  in  pcDMuI  ibft  d 
cal  rolaliona  of  this  series  of  hydrocarbons  t  but  it  i 
that  several  of  those  included  in  the  list  <m  pngn  477,  dlli 
isomeric  witli  u-smt  of  the  wncf,  are  really  fonofd  after 
ferent  type,  A  Inrge  number  of  thi^m  are  only  kttam  • 
Ktiluents  of  petroleum  or  pro<]ucts  of  dry  diMtDalJon,  iwd 
not  been  pm^p^ired  by  any  intelligible  proeeis, 

431.   AcetylfM  Serin.   C,fl^^^     JeHyltn*.  — Thii  ( 
formed  by  the  ttirpct  union  of  its  ctomcnt*,  whon  tlie  e 
from  a  [lowcrful  voltaic  battery  paues  lietwocn  curbiMi  pnli^ 
an  atmoxphcro  of  hydrogen.     It  may  abo  be  otitained  1 
antion  of  water  on  polas'^io  urbide.  


Bdarbon  and  hydrogem. 

Is  not  nnfVeqiieDlljr  a  product  of  (lie  iDcompteW  combastioa 
bodies  cotituiniug  carbon  Hiid  hydrogen,  and  il  may  iiUo  be 
ipared  in  oiher  wnj^.  Acetylene  acta  tn  a  dyail  or  tetrad 
lical,  corabioing  wiili  naaceni  hydrogen  lo  form  Offf,  {eiby- 

[«;).  with  bromine  to  form  C^Jf^Br,  or  C'.,ff,Br,.  anJ  wilh  hy- 

obrumic  acid  lo  form  CiHuBr  or  dH^Br^     It  is  noi  yei  ils- 

rmintid  wbctlier  ibe«e  bodies  are  identicul  witb  the  isotnerio 

pounds  of  tlie  oleflant  gas  series.     When  ibe  gaa  is  passed 

igti  a  goluiion  of  cnprouB  cliloride  in  ammonia,  a  bigiily 

live  compound  is  farmed  as  a  red  precipitate,  which  lias 

«  oom position  (Cifl'[Cu;3)i'0,  and  acls  as  a  liuaJe  aniiydriile. 

be  Dtlier  hydrocarbons  of  the  series  have  similar  cliemiciil  re- 

lions,  but  have  not  \xxa  thoroughly  studied. 
432.   Ml^l. — When  allylic  iodide  is  digested  with  sodium 

td  distilled,  we  obtain  a  hydrocarbon  which  has  the  composi* 

Na-Na  +  'i{C^H^yI=  2Aa-7+  C^fffC^B^      [426] 

bis  product,  moreover,  noiles  directly  with  one  or  two  mole- 
lies  either  of  Br-Br  or  H-T,  and  in  general  its  chemical  i-ela- 
ms  ore  those  of  a  homologue  of  acetylene.  But,  ns  the  nlxivu 
action  iodicaies  it  may  also  be  regarded  as  the  radical  sub- 
Uioe  (22)  corresponding  to  allyl,  and  this  view  is  sustained 
r  the  fact  that  there  is  an  isomeric  hydrocarbon  having  similar 
lemicfll  relations,  but  different  physical  qualities,  which  is 
ore  probably  the  filVh  member  of  the  acetylene  series. 
435.  Ettmtial  OiU.  C,^_,. — Oil  of  Turpentine  and  many 
btr  wseniial  oils  have  a  composition  represented  by  the  f^m- 
d  Cy,Ily^  and  there  are  a  few  others  which,  although  also  iso- 
srio,  must  be  represented  by  a  multiple  of  ibis  symbol ;  but 
t  Other  members  of  the  scries  are  known.  Oil  of  turpentioQ 
nUnos  botJi  with  the  hydrogen  acids  and  with  water,  forming 
Qipounds  in  which  (C„|//1,)  acts  either  aa  a  dyad  or  a  tetrad 
dicaJ,  and  others  in  which  the  double  molecule  acts  as  a  hesad. 
Thus  we  have 

»H^it,a,  (c„ffu)t//ra,.  ic^u^yrf.a,    ic^n^vf^ct,. 

to  the  air  oil  of  turpentine  absorbs  oxygen,  yielding  ft 

product,  and  the  same  b  true  lo  a  jreai^t  Qt\ft»a  ifc- 

ofthe  other  ^-sscniinl  oils.     They  aV\  ai;iineaT  U)  Vaift  ft«ii\- 
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Jar  chemical  relations,  and  nrn  biii^IiitIj-  •(ueopiil.i 

tropic  conditions:  but  on  wtint  tJitt  iliflcntncei  tictH.-.  : — 

isomeric  boJies  depend  wc  are  sa  ^ct  ignomiit.  ■ 

434.   i^wnyf  Striti.    f.^-t— The  h^dnicnrbotV:  of  tt»   ' 
cla^  are  found  in  coal-tar  and  Bsngoon  pelrolcam,  ud  wl»| 
latod  b^  IVactiotial  disllllatinn.     Ben»l,  or  boDxiae,  k  ( 
much  used  in  lite  HrU,  but  ihe  comio«raal  product  a  DMnj 
less  mixed  with  the  assnclaleid  hydrDcurbaos.      What  \ 
benzol  becomes  eolid  at  a  low  t«mpi!nittin!.  melting  onljr  «)  (*JI 
Benzol   miij   lie   obtained   Brtiliciall;  bf  beating  bi 
pbthalic  acid  with  an  esi-css  of  lime. 

(7,^aO,  -f  CaO=  Ca(70,-J-  CJf. 


BenEol,  when  treated  with  cblarioe  or  bronunc,  jrlrlds  a 
ber  of  fiubstilutiun  products.  By  llie  action  of  nitric  so 
obtain  (bl) 

Nilro-benzol  C,/r,(jrf)J, 

Dinitro-beiirol  (!*H,{HO^^ 

and  when  acted  on  by  reducing  agent''  (as  iii>c  aad  bydn 
acid,  sulpliureiied  hydrogen,  &o.),  nitro-biMizoI  i*  nMivcrt 
aniline  (167),  and  tliui  becomes  tlie  fource  of  tbo  ouilfa* 

CH^NOii  +  3/r,S=:  Ctff,(JfIQ  -f  2^,0  +  ^  [^ 

The  other  bydrocarbonH  of  this  series  may  he  i 
contuiuing  the  came  group  of  cairlMn  atom*  aa  biinBol,  a 
derived  from  it  by  replacing  one  or  more  of  iu  hydrapvi  a 
with  the  radirjils  methyl,  ethyl,  or  auiyL  It  i; 
replacing  several  atoms  of  hydrogen  vrilh  m«lhyl  « 
tnin  a  body  of  the  same  compoEitJon  as  by  nipl» 
aloni  with  a  radical  ricbor  in  ear!<oo,  and  «ra  I 
evidence  that  compounds  thus  obtaiiie<t,  thM^li  i 
not  fdcnticul. 

The  radical  C«//^  uallml  Phenyl,  iippeare  to  be  tbo  oauli 
all  ibe  hydrocarbons  of  this  wries.  By  acting  on  lfO«ltn{  \» 
with  bromine,  we  obbun  the  bromide  of  lUa  mdiod. 


i43^.j  CARBON  AND  HYDROGEN.  4S3 

I  when  thil  product  is  trealed  with  sodium  a  liydrocarbon  is 
mtd  irliicb  is  regftnled  bb  llie  curre^pondiug  roditiul  subsiunce. 

%CJI^-Bf  +  Na-N<i  =  C^U,-GJI^  +  2A"aIfr.    [430] 

awl  is  then  plionj'Iic  hydride,  and  its  bomologucs  arc  hy- 
of  foAra  complex  radicals,  which  maj  be  deHigiiHl«d  lu 
lUifl-plveiiyl,  dirnettiyl-phenyl,  •&«.  Bei>ides  iliu  liytlrocarbona 
ludcd  in  the  iive  eorius  just  described  we  know  nlso  a  fi-w 
Of  these  the  best  studied  are  phenylene,  C^H^,  uJid 
uunene,  0^,11^  correspondii^  to  the  symbol  C,il^_^  and 
ilhnliue,  (7u,//j.  i-orreM ponding  to  C^ft^^^  They  all  com- 
wJUi  chlorine  and  bromine,  uod  have  in  general  the  eht^ni- 
relations  of  artind  nuiicnls.  The  lust  of  these  especially 
with  these  elements,  besides  the  direct  compoiindnt  a  very 
r^fi  number  of  subsiilution  products,  and  llio  careful  invesiigs- 
■1  of  thew  bodies  by  Laurent  was  an  important  step  in  the 
ogreas  of  clictnistry  (-ll). 

435.    Hydrocarbon  RadicaU-  —  It  is  evident  from  tlic  prin- 

dpiee  detelojied  iu  (22)  and  (28),  and  btill  further  UlustniKMl 

(34),  that,  by  eliminating  succesiiive  atoms  of  liydnigi>n, 

Mich  of  the  possible  hydrocarbons  of  the  scheme  exhibited 

ibovo  may  yield  a  series  of  compound  radicals,  and  that  the 

riomicity  of  such  radicals  is  equal  in  Boy  case  to  the  number 

if  hydrogen  atoms  thus  lost 

Bnoh  of  these  radicals  as  contain  an  even  number  of  hydro- 

D  Kloms  are  necessarily  artiads.  and  isomeric  wiih  either  ao 

il  or  possible  hydrocarbons.     Moreover,  it  follows  from  (128) 

tt  wo  may  have  several  artiad  radicals  isomeric  with  each  of 

^  more  complex  compounds.     Thus  we  may  have  two  radicnii 

V^t)'  ""J  (fj'A)-  iaomerio  with  acetylene,  and  the  same  is 

le  of  each  of  the  horaologues  of  this  hydrocarbon.     Indeed, 

inHel  to  each  series  of  hydrocarbons,  except  the  fit^l,  we  may 

>ve  one  or  more  series  of  artiad  radicals  isomi'ric,  term  by 

nn,  with  the  normal  compounds,  and  the  numlKT  of  po^sibls 

»me»  in  any  case  a  the  same  as  the  number  of  the  series  in 

0  order  of  isologuos  (428).     It  is,  however,  an  open  question 

Iwtber  such  bydrocarhona  as  ethylene  or  acetylene  ar«  esaen- 

itlj  Afferent  from  tlic  railicab  of  the  same  eomiMi<'iliun  (69), 

d  we  do  not  disiin^iish  tbe  radicals  by  teparalc  names. 

The  hydrocarbon  radicals  which  contain  nn  odd  number  of 

•0  atoms  are  necessarily  perissads,  and  cannot,  without 
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rerlupli«itian,  exist  in  a  free  state  [416],  [4173.  '"'^  [4-^]- 
Ni'vertheless,  llie  radicals  homologous  with  methyl  and  pbenjl 
play  BQch  an  important  part  in  numberless  chemical  reai-'tione, 
And  preserve  their  integrity  through  so  many  changes,  Ihui,  al> 
though  only  known  in  combinaiioa,  their  individuality  Li  m  well 
marked  as  that  of  the  elements  themselves,  l^leni^  it  is  wkk 
res^n  that  they  have  received  distinotJTe  names.  Witli  iim>4 
of  tlieic  the  student  is  Already  familiar,  but  to  those  ]>raviaiL-Jy 
noiiceJ  we  may  here  add  Vinyl,  Cilff,  Glycwryl.  C^f/f  (the 
trivnlent  condition  of  allyl),  and  the  radical  of  diloroforin.Cfi^ 
which  are  all  important  perise^ads. 

436  Oxygenaitd  BadicaU.  —  Unless  a^ucialed  with  soow 
very  powerful  basic  radical,  like  the  alkaline  meiala,  the  Himjile 
hydrocarbons  always  form  basic  oi-  [>o4iive  nulicaU  (4U).  To 
every  such  ndicol,  however,  corresponds  an  add  or  negatiTt 
rudical  having  the  same  atomicity,  which  is  generated  by  i^ 
pkcing  a  portion  of  the  hydrogen  with  oxygen  (34).     Tbu»  i — 

Methyl  CH^  yields  Formyl  CHO  or  COIT. 

Ethyl  CJI^         "     Acetyl  CJhO  "  . 

Propyl  C,H,           »      Propionyl  C^H^O  «  - 

Butyl  e,/^           "      Butyryl  C^HjO  **  - 

Amyl  (?,//„          "      Valerjl  Cj//,0  « 


AUjl 


C,H, 


Acrj-1 


0,1/,  0 


CO-CA  I 


Ethylene   C,W. yields  Glycolyl  CO-C /?,  and  C«rbonyl  (CO), 
Propylene  C,ff,     "      Lactyl      CO-C,H,  "    Malonyl    lcO)-CB,t 
Aeetylena  C,//,     "      Aeetonyl  CO-C,//,  "    Soccinyl   (CO),-(y^l 

If  the  theory  or(4]fi)  is  correel,  it  is  evident  that  thi?  r 
of  these  oxygenaleil  radicals  depends  entirely  on  the  number*/ I 
atom.t  of  carhonyl  which  are  generated  in  tlit^  hyU'^-irt 
mdical.  and  we  find  that  only  tho^e  atoms  of  hydm- 
replaced  which  are  so  related  to  the  molecule  that  rli. 

carbonyl  thus  formed  may  have  nn  open  bond,  n: 

addition  of  ffo  be  converted  into  nxatyl.     Henoe  ||h 
of  oxygen  aioms  which  can  thus  be  introduced  t 
can  never  exceed  its  atomirily.  and  the  baaicitjP'd 
formed  by  the  union  of  the  resulting  negntive  radleJ 
is  Bfjual  to  th«  number  of  oxygen  aiotns  which  any  • 
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ALCOHOLS  AND   THEIR  DERIVATIVES. 
[  437.    Definition.  - —  The  name  of  alcohol  h  applied  tu  a  c!aaa 
T  bodies  which  referable  common  vinic  alcohol  chiefly  iu  that 
pder  like  conditions  they  are  susceptible  of  Himilar  rcai'tions. 
Biey  are  produced  in  a  variety  oF  processes,  especittlly  by  fep- 
n ;  but  tbe  reactions  cannot  usually  be  traced.     They 
lay  be  regarded  aa  hydrates  of  the  hydrocarbon  radicals  (40), 
r  AS  formed  from  the  hydrocarbons  themselves  by  replacing 
B  or  more  atoms  of  hydrogen  with  hydroxy],  and  their  atoin- 
mty  (AS)  depends  on  the  number  of  atoms  of  ffo  than  iniro- 
D  the  molecule.     Hence  we  have  monatomic,  diatomic, 
iaiomic  aJcohoU,  &c.,  and  these  ore  still  further  subdivided 
Bording  to  the  class  of  hydrocarbons  from  which  they  ure  de- 
lved.    Moreover,  each  alcohol  is  one  of  a  group  of  compounds 
Bbit-li  may  be  derived  from  each  other  by  simple  reactions,  not 
Vecting  the  arrangement  of  ibe  atoms  in  the  carbon  skeleton 
It  may  bo  regarded  a^  the  nucleus  of  the  group.     The  com- 
tonnds  thus  related  have  frequently  little  in  common,  and  in 
extended  works  would  be  clashed  under  their  appropriate 
Our  only  object  is  to  exhibit  a  few  of  the  general  prin- 
iples  and  wonderful  relations  which  the  study  of  organic  chem- 
f  has  revealed,  and  this  will  best  be  gained  by  n.^ociating 
^tb  each  class  of  alcohols  those  of  their  derivatives  which  have 
e  same  atomicity. 


monatomic  compounds. 

1.  Marsh  Gas  Sebies. 

I  488.  Aleohoh.  —  This  \tTj  important  class  of  compounds 

iky  be  regarded  as  derived  from  tbe  normal  liydrocarlwns  of 

i  marsh  gas  series  by  replacing  a  single  atom  of  hydrogen 

tolth  Ho,  and  consequently  they  are  hydrates  ol'  the  radic&ls  of 

I  methyl  scries  (40).    Of  these  bodies  the  luUowing  are 

«n:  — 


Uetliylic  Alcohol 
Elhylic  Alcohol 
Propylic  Alcohol 
I  Butjlio  Alcohol 


CflfO-H 
C^HfO'H 


ed". 


6               ALCOHOLS 

AJSD  THEIR  DERIVAllVES. 

[s* 

BdUng-potet. 

Mlbv^ 

Amy  lie  Alcohol 

c,H,^-o-ir 

—20' 

lar 

Ueiylic  Alcolol 

CJf^-O-h 

Iluptylic  Alcohol 

C,H^-0-H 

Ociylic  Alcohol 

c^„-o-ii 

178- 

Cutyllc  Alcohol 

C„ff„-0-JI 

50= 

Ceroiic  Alcohol 

C^H^-O-H 

73" 

Melissic  Alcohol 

C^ccO-II 

85" 

The  lower  members  of  ibe  series  are  liqaidi,  ihe  higher  Mltdfc 
an<l  the  boiling-point  increases  about  19°  for  every  addition  of 
CHf  The  following  renctioua  illuBiraU)  the  productiuu  of 
mcihylic  alcohol  from  niarah  gas:  — 

CH,  +  Cl-Cl  =  nCl  +  CN,-Cl,  [131] 

CfffCl  +  As'0-C,lI,0=:AgCl-i-  CHiO-C^H^O,  [432] 

GHiO-C^H^O-\-K-0-H=.K-0-V,H^O-i(-CHiO-H;\VtX\ 

and  the  same  method  applied  to  the  homologues  of  manli  pi 
fields  other  members  of  the  alcohol  seiies. 

AVe  may  alito  start  with  olefiaot  gas,  and  hRving  miiihliMj 
this  with  HClym  may  convert  the  CaH^Cl  thus  formed  toB 
common  nicobol  by  the  same  series  of  reactions  as  before,  ur  n 
may  reach  the  same  reguit  by  combining  otefiant  gas  with  silt 
phuric  acid  and  distilling  the  product  vrith  water. 

ff,^0,SO,-\-  <\H^=  H.CtfffOrSOr  [434] 

H,a,H,^OiSO^-\-  H-0-H=  HfOiSO^-irC^niO-II.  [IW] 

Propylic  alcohol  may  be  obtained  from  Ci^  hy  sitniUr  (♦ 
actions,  but  these  processes  applied' to  the  other  memln-r;  .if  in* 
otefiant  series  either  give  no  results  or  yield  coinpoii-' 
allltough  resembling  the  true  alcohols,  and  isomeric  u 
manifest  in  their  reactions  an  essential  ilifferunce 
structure.     These  bodies  have  been  called  pseudo-alc(ihi<I<. 

By  means  of  ihc  following  reactions  we  may  ascend 
member  of  t.\\&  alca\\al  series  to  the  next  higher ; 
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K.cjri'Oi-so^  +  K-C2r=jQ0iS0,  +  c^h.-ght.  [-137] 

CtHiCN+  1H-H=  BJI,C,UfN.  [438] 

1CJT,-0-H -\- n^O  ^  iN-N.  [435] 

Common  alcoliol  is  alwnya  obtaineil  in  ihe  oris  faj  ihe  fer- 
metitation  of  grape  augur  (460),  and  otlicr  cotn^uiuudj  of  the 
•erias  are  not  unfrequenlly  formed  in  small  omouiiLs  Juriiig  the 

me  process. 

Ttie  typical  li/drogen  of  the  alcohala  may  be  replaced  hj 
■odium  or  potassium. 

iff-0-C,ff,-i-KK=2K-0'C^,-^ff-H.     [440] 

An  alcohol  in  wfaich  the  oxygen  has  been  replaced  by  euI- 
lor  may  be  obtained  by  the  foUowJDg  reaction :  — 

,£, C»fff' OfSO, -f K-Sff=  Kf OfSOt  +  CJIfS-ff.  [441  ] 

This  sulphur  alcohol  is  called  mereaptan,  and  a  correaponiJing 
lenium  alcohol  is  also  known. 

By  the  action  of  oxidizing  agents  llie  alcohuU  arc  converted 
Bt  Into  aldehydes  and  then  into  acide, 

[442] 
Ct/I,0-H-\-0=  C^T^O-Ifo; 

but  only  in  a  few  cases  can  the  process  be  arrested  at  the  Gr^t 

ige. 

439.  Fai  Acidt.  —  The  acidi  formed  by  the  oxidation  of  the 
mooatomic  alcohols  belong  to  a  remarkable  eerics  of  organic 
eoupounda,  of  which  more  members  are  now  known  than  of 
any  other.     These  acids  may  be  regarded  as  hydrates  of  the 

:ygt:iiated  nidicaU  of  ihe  methyl  series  (40),  (43G),  or  as 
fbrmed  from  the  hydrocarbons  homologous  with  marsh  gas  by 

ipUcing  one  mora  of  hydrogen  with  oxatjl  l^i^-^V  "^^^  ^^- 
are  known :  — 
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[S489. 


Vb.U 

E-O-CBO      a 

T  iro-(co-n) ' 

+1' 

Acetic^ 

H-OC,H,0 

Ho-(CO-CB,-) 

+n' 

W 

Pwpion 

H-0-C,H,0 

Ho-iCO-C^U^i 

UI» 

Butjriu  Aciu 

Il-O-C.HjO 

Ho-(_CO-C^U,) 

—20" 

in» 

Valeric  Add 

H-0-CJl^O 

Uo-iCO-C^H,} 

iii» 

Ciproic  Arid 

II-0-C,H,,0 

Hf^CO-C.H^^ 

+5- 

IBS' 

CEiianl 

id  lI-0-L\H„0 

Ho-(_cac,ff^ 

SIf 

CapryL.  . 

ico-c,a^ 

14" 

MS" 

Vekr^nic  iw 

d  ■ 

<.co.c,n„) 

18» 

HO* 

Capric  Acid 

■CCO-C,H^) 

21" 

Laurie  Ayid 

IC0-C„H^ 

<*• 

Myrisiic  Ao 

(CO-C„fl.) 

M' 

Fslmitic  Aou 

iCO-C^H„) 

fiS» 

Margaric  Aciii 

(CO-C^U^ 

W 

Stearic;  Acid 

«-"-^."»^ 

„,.(CO.C„HJ 

es" 

n-o-c„n„o 

IIo-iCO-L\,ll^) 

75" 

Behenio  Acid 

H-0-C„ff„0 

Uo-lCO'C„IlJ) 

76" 

Cerotic  Acid 

H-0-C„H^O  ' 

Ho-iCO.C„H„) 

•78" 

Meliwio  Acid 

II-0-C„lf^O 

Ho- 

(CO-CJJ„) 

88' 

Formic  acid  Is  found  in  neillea,  and  ia  pecretod  \\y  ants,  Vi- 
leric  acid  is  foiitid  in  tbe  valerian  roni,  pelargouiu  add  in  ihe 
essential  oil  of  tlic  Pelar^nium  ro^eum,  uiid  curotic  acid  ia 
beeswax.  Chinese  wax  \f  cerylic  eei-otale,  spormaceli  cetjlic 
palmimie,  and  tlie  natural  fata  are  mixtures  of  sails  of  var 
acids  of  the  group,  in  which  glyceryl,  Cj^j,  'a^  ihe  basic  radicsJ. 
Several  of  ihtse  acida  may  be  procured  by  the  oxidation  of  al- 
huminous  compounds.  Propionic  and  butyric  acids  are  pro- 
duced in.  some  kinds  of  fermentation,  and  acetic  acid  is  made  in 
the  arts  in  large  ijuanciiies  from  the  products  of  the  dry  distil- 
lation of  wood  and  other  similar  substances. 

The  formation  of  the  fat  acids  by  the  oxidation  of  the  cort 
uponding  alcoiiol  ia  illustrated  by  (he  reaciions  already  gin 
[442].  They  may  also  be  formed  from  the  cyanides  of  ibo 
alcohol  radicnlj.  and  Ihe  method  is  interesting  as  indicating 
their  molecular  constitution. 


I  Tlie  MaderA  "fiW  i\<A  ^a\\  ^o  Tiolwa  ftait.  bS  duhei  nsed  In  conn 
the  hydrocaTl>imtaA\Eo.\*TOo,'s'.T65MK»i\M\x»\T\i>ft«w!ewK,>B„ 
b^dr-iRen  atoms,  \ie\iig  ttu\«A  W  ■&&  i!«eQff(o.  *KSaftis&t(^  ■Bosi.t  , 
presout.  no  op«Q  af&TOt^ . 


[-143] 
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Il-CN-\-  HCl-\-'iH.,0  =  NH^Cl-^l_H-COyno. 

So  also 
Ctlfi-CN -\- KITo  -\.H,0=  iO^fffCOyKo+Sir^  [44i] 

On  tht!  other  hand,  when  the  ammoiiic  salts  of  these  acids  are 
eatrd  with  P^Ot  "ley  are  converted  back  into  the  cyanides  of 
e  radicals  of  the  methyl  series, 

ClIi:C0y{^H,)o-\'-2P^0,=CR»-ON-\-i:H0-P0„  [445] 

id  from  tlie  cyanide  thus  obtained  the  correaponding  alcohol 
ay  be  producud  by  [438],  and  in  this  way  [442]  is  reversed. 
The  acid  may  also  be  converted  inio  the  alcohol  by  another 
markftble  eeriea  of  reactions,  of  which  (be  following  series  is 
I  example :  — 

cih-coyKo -^  (H-aoyKo  = 

{CH^'COyH  +  Ko^'CO.    [446] 


(C/ffCoyff-^-  ff-ft  =  c,fffO-H. 


[447] 


The  |>ota.Bs!c  salt  of  ibe  acid  is  first  distilled  wiih  potassic  for- 

IBle,  and  the  aldehyde  thus  obtained  transformed  into  alcohol 

f  nucent  bydroge'n.     Starting  now  with   etiiylic  nlcobol,  ire 

tn  convert  it  into  ecbylio  cyanide  by  [43G]  and  [437],  and 

len  by  [43S]  or  [U4]  we  can  produne  pro]>ioni«  acid.     Thus 

9  art)  able  lo  pass  from  one  fat  arid  to  the  next  a.''  from  one 

ot  to  the  next,  and  since  formic  acid  can  lie  made  directly 

3m  iia  elements  [374]  the  synthesis  of  thi^  whole  class  of  or- 

>nic  compounds  ts,  theoreticftlly  at  least,  possible. 

All  these  reaciion.i  seem  to  indicate  (bat  the  fat  acids  contain 

hs  mllculs  of  (he  methyl  series  uniteil  to  osatyl,  and  this  view 

nmdered  more  -probable  by  the  fact  that  sodiu  acetate  may  be 

mml  by  Ihe  direct  combiuntion  of  00^  with  sodic  metbide. 

(  Cff,yJfa  J^CO.j=(  C/f,-  CO)  Nao.  [448] 

Ag&inT  H  appears  llial.  when  the  acida  ot  t!n\B  s«vvf*  w*  vta& 
on  bjr  atuecnt  oxygen  in  the  procew  <i  e\ftc<Ki\'j%'*i  CO^Ni 


tothei 

2((7i& 

.    Ifth 
isobvioa 

mic  add     -u 
the  BDOoe 
baa  not  bouii 
series  of  re&ctiu> 
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he  radical  as^iumsd  to  have  been  previouiljr  tmilol 
is  ibus  set  free. 

>ry  of  the  constitutioo  of  the  fat  a<:i<l3  U  txma,  U 
It  if  we  could  replace  tlie  rudical  li^drogeo  of  lur- 
•  .1  the  radicals  meiLj'l,  etbjl,  &c.,  we  sbould  obtaiD 
s  members  of  the  series.  Tbe  direct  Eubsiitalioa 
1  acetic  etlier  an  aualogoiu 


I. 


0-CSt^a)  4-  I/-H.  [450] 
.   .      {CO-C^ff^).  +  NaL  [4S1] 

C,ff,0-{CO-C,ff,)  -\-  Nal.  [452] 

440.  Formic  Arid,  on  account  of  its  |iepidiar  constitutioo  ns 
the  firat  raemljLT  of  the  series,  presenLe  soma  special  reaclioM 
which  are  hij^hly  instruclive.  Thus,  when  heated  with  stiDog 
sulphuric  acid, 

{HCO)-Ho  =  Kfi  -f  CO.  [453] 

So  also  when  acied  on  by  chlorine  ga,s 

{H-COyHo  4-  Cl-a=  ^HCl\-  CO^  [45J] 

It  even  acts  as  a  reducing  agent, 

(H-CO)-ffo  +  JfgO  =  Hg-{-  H,0  +  CO^     [455] 

441.  Acelif  Acid,  the  acidifying  principle  of  rinegar,  is  the 
best  known  of  uU  Ihe  lower  members  of  thia  series  of  com- 
pounds, and  the  pludent  has  already  become  familiar  with  itil 
many  reaction*.     The  remarkali!i>  ^iih-ilfuiion  jiroducls  whii*  ' 
it  yields  with  chlorine  have  already  been  described  (31),  • 
the  manner  in  which  it  breaks  up  when  acted  on  by  PCl,i 
also  been  illustrated  (29).     By  this  last  reaction  a  chloriiie 
the  assumed  oxygenated  radical,  (acetyl)  is  obtained. 
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442.  bomen  of  tJu  Fat  Acid*.  —  It  h  obvious  tliat  with  ihe 
higher  luembera  of  the  acetic  acid  eerlea  one  or  more  isomeric 

aodLTicalioiis  ara  possible,  dependiog  upon  the  dificreut  whj'b 
D  vfhich  the  atoraa  of  Ibe  hydrocarbon  radical  may  be  grouped 
(4Z8),  Such  dilTerenuea  of  structure  hitve  been  nctually  real- 
ised Ly  means  of  reactions  similar  to  [450  et  tag.'],  using,  how- 
'  e  starling- point,  ibe  products  obtained  by  replacing 
jtWQ  or  all  three  of  tlic  bydrogea  nlome  of  the  uuid  radical  in 
•Uiylic  acetate  with  sodium. 
Ctfft-OiOO-CHNa^)  +  %CHJ= 

2-^0/+  C^HiO'{CO-CH^(OB,),).  [456] 

SNal-^  C^/^-0-{C0'OiCff,),).  [457] 

ij  acting  on  these  eitiylic  salu  with  KHo,  the  corresponding 
assic  salts  are  readily  obtained,  &om  which  the  acid;^  ihem- 
lelvett  may  be  easily  set  free. 
Now  the  first  of  these  products  is  isomeric,  but  not  identical, 
I  butyric  acid  (boiling  at  152°  instead  of  161'),  and  the 
ains  a  similar  relation  to  valeric  acid.     By  exhibit- 
g  tlie  symbols  graphically,  the  difTcrence  of  structure  will  be 
idB  evident,  and  it  will  appear  that,  although  reactions  Ub« 
"[451]  yield  tlie  normal  acids  of  the  series,  reactions  similar  to 
jsl  necessarily  give  the  so-called  iso-ecids.     It  can 
0  be  discovered  how  many  isomers  are  possible  in  any  case. 

443,  Etheri. — These  compounds  are  the  anhydrous  oxides 
f  the  alcohol  radicals  (40),  and  our  common  ether,  (C^ffiifO, 
ifty  be  taken  as  the  type  of  ibc  class.  It  is  prepared  by  iho 
etjon  of  sulphuric  acid  on  alcohol,  and  the  process  may  be  di- 
tiled  into  two  stages:  — 

QfffO-ff-^  Jf,-OfSO,=  ff,C,I/,0,^SO,  -\-  SI,©. 

"he  alcohol  and  sulphuric  acid,  mixed  in  equivalent  proportions, 
re  heated  in  a  retort,  when  the  water  and  ether  distil  orer  to- 
lAlwr,  nnil  iftbc  loss  is  supplied  by  fresh  alcohol  (flowing  slowly 
Ito  liic  retort  through  a  tube  adapted  to  the  tubulalure)  ihe 
kme  quantity  of  sidphuric  acid  will  convert  an  untiniilod  quao- 
^  of  alcohol  into  ether. 


■£458] 
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ij  be  reconverted  iuta  alcohol  by  rcTerai^  i 
M,  thus :  — 


Above  reoci 

{Ctffi)fO-\-2ffi-Oj-SOt  =  2ffAff,'OfSO,  +  SljD. 
If,  C^t  OcSO^  +  H-  OH—  Iff  0,-SO,  +  ®^-®-31. " 


[4i9] 


Bj  ubI""  in  the  second  stage  of  "  etherijicah'on  "  an  alcohol 
iliSTurent  raJicol,  mixed  ethers  as  Uiey  are  ierm«d 


may  i[i  some  cm 
ff,C,ffu=OfSOt 


Other  bodit 
2CHfO-. 


0,  +  CiH„C^ffu'0.  [460] 
:ea  fonned,  thus  ;  — 
CHiO-Na  +  U-H. 


CII,-0-Na  +  C,I/J=  ifa/+  Cff,-OC^,. 

444,  Compound  Ethert.  —  We  iuclude  under  this  head  tta 
numherlcBa  Eiilla  of  the  hydrocarbon  radicals  usually  dbd>- 
guished  as  different  kinds  of  etlier.  These  bodies  are,  for  ihe 
mo3t  part,  volatile,  and  have  an  agreeable  odor  which  resemble 
that  of  fresh  I'ruit,  and  sevijral  of  them  are  used  by  ihi 
lionerg  as  esscniKi,  They  are  produeed  by  rejiciion- 
to  those  employed  in  the  prcparutiou  of  metallic  salts. 

C^H^-Cl  +  Ag-O-C.H.O  ^  A3CI  -\-  C,ff,-0-O^/7^0.  [463] 
C.HcO-Na  -\-  C^H,0-a=  NaCl  -\-  C^rT.'O-r^H^O.  [463] 

II,C,Ff„'0^'SO^  -f  K-O-ajkO  = 

ii,K^o,'So,-\-cjT,rO  cjr,o.  r4Mi 

C^H,-0-H-\-  H  0-C,H,0=  a^H,'OC,H,0  +  HM.  [465] 

In  ri.ai.'tlon*  tike  (he  I^i^I,  when  a  ireuk  acid   ia   unable  by  'f 
eelf  to  produce  the  decomposition  of  the  alcohol,  the  preset 
of  a  strong  mineral  acid  will  sometimes  determine  the  fora 
tion  of  the  ether.    The  reaction  is  then  best  expressed  as  if 
tno  Gtages. 
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0,H,-0-H+  HfOfSO,  =  H,CJIi-OiSO,  +  H,0. 
lf,CtIft'0,^SOj  +  HO  C,f/,0=  [466] 

//,.  0,-SO,  +  C,Il-  O  dh  0. 

C^O-H\HCl=  C^H^-Cl -\- 11^0. 


CJl,-a+  HO-CHO  =  HCl  +  C,ll,0'OH0. 


[4li7] 


When  ncled  on  by  strong  alkaline  bases  tlie  coinpoiiuj  ethera 
]de]d  a  metallic  salt  and  an  alcohol. 

7^,-OCH, 0 -\- K-0-N=  K- 0- C,H,0  +  C.,H^-0-lI.  [IfiS] 

lince  the  ethers  are  quite  insoluble  in  wnler,  such  reactions  are 
$8t  obttiint;d  in  alcoholic  solutions,  and  this  kiuJ  of  decompoBi- 
m  is  frequently  called  taponijicution.  At  a  high  leraperature 
le  ethers  muy  be  taponijied  by  nater  alone. 
445.  Aitiydndei.  —  The  simple  anJ  mixed  ethers  are  nnhy- 
rides,  but  the  name  is  usuaUy  confined  to  (ho  oxides  of  tlie 
nd  radicals.  Acetic  anbydride  may  be  obtained  by  the  fol- 
iwing  reaction, 

K-0-C,lI^O  +  CJT,0-CI  ~  KCl  +  {C,H^O)i-0,    [469] 

nd  propionic,  butyric,  and  valerianic  anhydrides  may  all  he 
repKred  in  a  similar  way.  Foniiic  anhydnde,  howerer,  has 
pt  BS  yet  been  formed.  In  conlael  with  water  these  anhy- 
rides  dissolve  only  slowly,  in  measure,  az  they  are  converted 
Ito  the  corresponding  acids. 

M6.  JMoid  Ethert. — The  term  haloid  means  resembling 
ammon  salt,  and  is  applied  to  those  compounds  which,  like 
I&,  ara  formed  after  the  simple  type  of  JiCl,  and  includes  the 
pftnidee,  chlorides,  bromid&s  &c-,  of  the  hydrocarbon  radicals, 
beae  ether-lilte  bodies  are  formed  in  a  great  variety  of  re- 

Ctff,-0-lT+JrCl=C^fffCl  +  Jf,0.         [470] 

SC^,cO-ff-\-  PCh  ~  ffiOfPOir-\-  3  CjArC7.  [471] 

r/r,-f  ci-ci=^  cir.ci^  nci  [473] 


*94  ALCOHOLS   ASD  TIIEIR  DKRIVATIVES.  [jMi. 

Wlien  acted  on  hy  nn  alcoholic  solution  of  potKih,  kH  lit 
haloid  etitert,  except  the  cyanide*,  are  cnitvertml  fnta  nloifok 

CMxiCi  +  KO  11=  A'tV  -!-  CJIurOH,     [«;4] 
The  reaction  or  ilie  cyanide*  has  airmail]'  tiecn  given  £4143- 

Tim  tuiloiti  etliere  ore  allied  to  Uic  lirdro^vo  acid*,  andff 
these  eumbiue  witli  ammonia,  and  by  ibe  action  of  pM 
the  salts  thus  Tormed  various  amines  may  lie  obUload. 


NH^- 


C\H,'f=  {N^CJt^ii^yL 


Etiiylic  iodide,  lieatcil  in  a  senled  tube  wilh  wat«r,  la  \ 
Ttrted  into  common  etiier. 


2(7,//.-/ -I-  HiO  =  (c,ff^,'0  -}-  2m.      i:«iq 

Metliylic  chloride,  when  acted  on  by  chlorine,  yield*  Uir  fll^ 
lowing  eubatiiution  productiv  and  it  will  be  noticrd  tbai  lfc« 
boiling-point  increa.-^s  in  proportion  as  ibe  aloint  of  liydni|aa 
ore  replaced. 

ciffCi  —21°,    o//,c^  sr,    Cffct,  Go-'i,    rrr, 

Tht<  compound  CffClj  is  called  chloroTonn,  anil  la  a 
thelic  agent  mitde  iu  large  quantities  by  healing  akoliol  or  m 
spirit  (meihylic  alcohol)  witli  a  soluliua  of  cblariilf^  of  G 
(^82).  When  boiled  wilh  an  nlcotmlic  Mlution  of  piitwdi. d 
rororrn  is  converted  inio  potaasic  rormiat«,  and  cIiWUm  | 
under  (lie  iufltience  of  Hualiglit,  cbangea  il  inio  cnittooiK  cT  ~ 

CIfCI,+  iK-0-ff=SKCl-i-A'-0-^C0-fr)-i~2^O.l 

Bromoform,  afBr^  and  Iodoform,  Cttlr,  ""■  -'"■  ^•"■'•■" 

447.   v(W*;SyrfM.  — Thee  bodies,  alre-i-: 
products  of  the  imperfect  oiidalioD  of  lli'.-  .  ' 
also  be  obtained  by  distilling  a  mixture  of  j  > 
the  polansio  ealt  of  the  acid  correjpandhig  (o  (Ijl-  uiiii:.'g:di;  i 
qaired. 

K-o\co-a)  +  K-o-{_ao-cB,)  = 
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The  aldehyilea  are  distiuguished  by  a  stronfr  affinity  for  oxy- 

in.     Tliey  not  only  ubaorli  orygen  gas  from  ilie  air,  but  they 

reduce  argentic  oxide,  and  when  heated  with  alkaljoe  hydraita 

lliey  evolve  hydrogen,  passing  in  each  case  into  the  correspood- 

Acid. 


-{CO-Cff,)  +  ^S.O  =  n-0-(CO'Cff,)  +  Ag-Ag.  [480] 

-{CO-CH^)  +  K-0-H=  K-0-{CO-OH^)  +  H H.  [481] 

By  luuceut  hydrogen  (wnl«r  and  sodium  amaJgiun)  the  aide- 
rdea  are  converted  back  into  alcohol. 

H'{CO-OH,)  +  H-H=  C^^'O-H.  [482] 

Host  of  them  yield  crjBtalline  comiioiinds  with  ammonia. 

H-{CO-CH,)  -I-  A7/,  =  NJJ,-{CO-Cff,).       [483] 

8p  oUo  by  diasolving  [lotassium  in  aldehyde  we  obUun  tbfi 

MttOQ 

iH-{CO-CH>)  +  K'K—  2K'{00-CH^  + 11 H.  [484] 

The  aldehydes  are  named  alter  the   corresponding  acids, 
'ormic  aldehyde  H-(GO-H)  cannot  exist;  but  the  seven  sno- 
sding  terms  of  the  same  ^rics  have  been  obtained.     Of 
Stlo  aldehydes  there  are  three  isomeric  moUificaiious.     The 
1  compound  is  a  rery  volatile  liquid,  boiling  at  21°  and 
viog  a  strong  sufibcating  odor. 
448-   Ktlonei.  —  This  name  is  applied  to  a  class  of  com- 
vardly  resembling  the  alcohols  and  hnving  a  pleas- 
Dt  vlhereal  odor.     They  are  iMmeric  with  the  aldehydes,  but 
iHfar  from  them  widely  in  their  chemical  relations,  for  they  are 
ROparaUvely  inactive  bodies,  and  show  no  tendency  to  unite 
Ith  oxygi-n.    They  ore  most  readily  obtained  by  distilling  the 
,c  or  calcic  SRits  of  the  monatomic  adds. 


Ca'Oj'(CO-Offc)t=  Ca-OfCO-\-  {OH>)tC0.  [486] 
Ca'0,ieO-C,£fA,  =  Ca'OfOO  4-  (  C,H,^f  CO.  \>&^ 


[8  bomolo 
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DoticeU  that  the  two  ketones  ibua  obtained  iJifl 
lougli  the  initial  ociiU  only  differ  by  CH^ ;  bat  by  « 
Moaxc  mixture  of  the  two  Bulta  we  ran  obtain  ll 

[a  term  of  ihe  series,  namely,  CH^C^H^'CO. 

ran  aUo  be  obtaiued  by  acting  on  acetyl  ahloridftf 
as  with  zinc  methiilu  or  uihide. 


Moreover,  tl       ' 
oxide  on  sodio 


449.    Pimck 

the  ketones  bxk 
identical  with  tlu. 


d  by  the  action  of 
logons  compounde. 

action  of  nascent  hydmffd 
iDpouiidd    uumtiric,  but  alt' 


(CH,)^<'0  +  H'1I=  {ClI^)iGH-Ho. 


im-\ 


The  bodies  of  lliis  claas  are  aUo  culled  lecondan/  alcohalM, 
and  are  dir-tingui.-ihed  by  the  prulix  i^o.  Their  relstion^  lo  ihe 
iiormal  alcuboU  are  illuatnited  by  the  following  symbol*:  — 


{CllrC/f.yffo, 

■.tliylle  Alcubol. 


{CH^royff, 

(aff,-co)-ir, 

(CIf,)^'CO. 


As  common  nlroliol  passes  by  oxiJation  fir^t  into  aldehyde 
and  then  in[o  iicetic  acid  eo  normal  propylic  alcoliol,  when 
oxidized,  yields  similar  producti.     But  under  the  mme  con- 
ditions the  isopropylic  alcohol  g\ve.i  ncetone,  which,  althoogi 
isomeric  with  propionic  aldehyde,  cannot  be  converted  by  (or- 
thcr  oxidation  into  propionic  acid,  and  it  is  evident  that  aachi 
change  wonlil  not  Iw  poi*-ible  without  a  complete  remodelliDg 
of  ths  molei-nle.     The  difference  between  lhe*e  isomeric  aIo»- 
hola,  indic-at^-d  by  llieir  roactioiK.  is  siill  furiher  nianiR-^i.-J '-' 
their  boiling-points,  since  while  the  normal  alcohol  boil*  at  9f 
the  pseudo-alcohol  boiU  at  87",     Besides  the  isopropylic  I 
other  pBeuilo-n\co'h'Aft\ia.'ift  \icmi  OWsmir^  •wVWh.  ^rc^blyl 
loii"  to  0\c.  samp.  cV.w^. 


[C  COMPOUNDS,  — VINYL  SERIES. 


I/utiy  a  pseudo-alcohol  has  been  dijcovered,  isomeric  with 
tiniylic  alcohol  wliicli  appears  to  he  consliiuU'il  nfler  mill  a 
ifaiid  type,  null  tu  be  the  lirst  of  a  class  ol'  tertiary  alcolioU. 


Pseado-butylic  Alcohol 


iCH^)^C-£ 


If  we  represent  by  K  any  univaleot  hydrocarbon-i'adical,  the 
■jtvnX  symbols  of  the  three  classes  of  alcohols  we  have  dis- 
iDguii^lieil  would  be  as  follows  :  — 


2.  ViNTL  Series. 

450.  VinyHc  Alcohol.  —  Acetylene  like  ethylene  dissolves  io 
llphartc  acid,  and  when  the  product  is  distilled  with  water  we 

In  the  hydrate  of  the  radical  vinyl  or  vinylic  alcohol. 

H/O^'SO^  +  C,tf,  =  H,CJf,^0rS0j. 

[490] 
U,O^OiSO^-\-H-0-H^}IiOiSOt-\-CAO-K 

This  alcohol  is  isomeric  boih  with  acetic  aldehyde  and  the 
idde  of  ethylene. 

C.H,-0-H.  iCH,-CO)H,  C,ff,-0. 

V&}tU  Akoliol.  lobe  Alrlchjda,  EthllniLi  OiMi. 

No  acid  lias  been  obttuned  from  it  by  the  action  of  oxidizing 
genu. 

451.  JUi/lic  Alcohol  —  The  second  term  of  the  vinyl  series 
Mj  be  formed  from  glycerine  by  the  following  reactions. 

»■*"*-  2a,ir,-i4-  2HfOi-Pon -\-  i-i.  [49i] 

^7+  AgfOfCO,  =  iAsI+  (C,n,)iOf^^  [482] 

1/0,0,  +  !*yf = 

injf)i Cfi,  4-  5C,H.;0-H.  \.WK\ 


U-COBOLS  AND  TUtlS  DERIVATIVES. 


M  ydrntedbj  phosphoricanliydriile  (184)  Llusaloohel 

gives  B  the  aecoiid  member  of  tlic  ax^tyleae  series. 

{C%H,yO-I{—  H^O  z=  C,ff,.  [494] 

Oil  of  garlic  ia  the  sulphide  of  nlljl  ( C^ff^y^'S  and  oil  of 
mustard  the  sulphocyanaio  CtffiSCN. 

When  ac  ed  on  by  oxidizing  agenta,  allylic  alcohol  yielili 
both  an  aide  ■"■' ''  ""  ""■''  ""■*  the  following  eymbob  indi- 
cate the  relauoMo  oi  ttitution  of  the  three  hudiet 

(CHiCH'CH,)-  Oyff,    {CHfCH-COyEL 

452.   AcroUi  antljr  dunng  the  dry  dis^ 

latioa  of  fats  01  474),  and  the  puDgcot  odor 

of  its  vapor,  so  iiiit..=cij  .imt....^  to  the  eyes,  is  familiar  to 
every  one.  It  may  be  best  procured  by  the  action  of  debj- 
drating  agents,  such  as  phosphoric  anhydride  or  sulphuric  acid, 
on  glycerine,  from  which  it  differs  by  2^0. 

{ GILr Cn  CH,yIIo>  —iH^O  —  i CRiCH- COyH.  [-19 J] 

4r)3.  AcTyUc  or  Oleic  Series  of  Acids.  —  Acrylic  acid  is  Uk 
first  member  of  a  large  and  im]K>rtnnt  series  of  acids,  which 
are  associated  with  the  acids  of  tlie  acclie  series  in  the  natiml 
fats  and  oils.  Only  those  members  of  the  scries  are  induitd 
in  the  following  list  which  we  have  reason  to  believe  an 
etituted  like  acrylic  acid.  Of  the  constiiulion  of  the  other  fH 
acids  of  (his  class  we  have  as  yet  no  knowledge. 

Acrylic  Acid  CJI^O^  or  Ho-{CO  CHC  H,), 

CrotonicAcid  C,//„0,  "  ffo-(00-CffC,n,), 

Angelic  Acid  C^IfsO^  "  HolcO'CH^C^Hi), 

Pyroterbic  Acid  C^H,^Oj  "  Bo-{CO-CH^C,ff,), 

Oleic  Acid  Ciaff^Oa  "  Ho'(CO-CHCtiH^ 

These  acids  are  closely  allied  to  those  of  the  acetic  sot 
Acry\ic  acid  ut\der  the  influence  of  nascent  hydrogen  cbam 
into  prop\on'ic  ac\4,  av^ft.  -wVwv  ^eNsJi.  qti.  \i^  "rai^mMie  it  yieli 


[4116] 
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Bi/-{CO-CH-CU,)-\-Br-Br  =  Bo-{CO-C^H^Br^). 

Moreover,  when  Iiealed  wiib  catucic  pota^li  ail  the  aciils  of 
IB  above  Ibt  bmak  up  into  Iwo  acids  of  the  acetic  serium,  one 
*  which  is  always  aceiic  acid  iuelf. 

h-^CO'CH-CB,)  +  IK  0-11= 

Ko-iCO  CH,)  -I-  KQ-(CO-ff)  4-  IlK  [497j 

i-(CO-Cff'C^f,)  +  2K  O-H^ 

KoiVO-CH.)  -\-  K.j-(CO'Cffi)  -\-  U-H.  [498] 

K}-[VO'VJI^)  -\-  Ko'iCO'CjJQ  +  //-//.  [409] 
b'{O0-CH'Ctff,)  +  'iKO  H  = 

Ka-{CO-CH,)  -f  A'o-(  COC,H^  +  /7-//  [oOO] 
'e-{00-CH'C^lI„)  +  -iKO  H=^ 

Ko-{CO-CB,)-\-  Ko-{CO-C^I/^)  +  /^-«  [501] 

The  alkali  appears  to  act  on  the  olcliiies  (430),  assumeil  to 
ifit  in  the  radicals  of  tliese  compounds,  and  replaces  tticm 
itb  fffi  thus  forming  acetic  acid  in  every  ciLst,  wliile  nt  dm 
rae  lime  it  converts  the  olcliae  itself  into  another  adil  of  the 
etie  series. 

4S4.  Steondary  Aeidt.  —  Acids  isomeric  with  those  of  the 
rjrllo  series  have  been  obtained  by  means  of  reactions  which 
the  Blrneture  of  ihe  resultinK  molecules,  and  a  com- 
of  llie  reartiona  of  tlieae  artificial  products  with  tho*e 
f  the  normal  acids  shows  that  the  rational  symfiah  we  have 
UgDed  10  llie  latter  mu?I  be  eBeentiolly  correct.  The  B}-m~ 
1  of  oxalic  ctiier  may  be  written  Et-0-{C0-C0y6-Bt, 
d  there  are  good  reasons  for  writing  the  symbol*  of  the 
DC  componnds  of  the  monad  radicals  (334)  thus,  {Zn^)-^, 
Gcaliog,  (Ls  is  undoubtedly  the  case,  that  the  irmup  (/nfi)- 
(■  >S  a  monad  radii'Hl.  When  now  n  body  of  ilii^  claaa  acts 
I  oulic  ether,  the  following  reacUon  lakes  place :  — 
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If  mxi  water  ia  sdded,  the  product  of  (he  U 
undcigoea  a  still  furtlier  clitmge, 

£fO-{CO-C^,)0'{Zn1SI.)  +  2A^0  = 

Z>i'Oi^ff,-\-  HVi  +  JSl-0-{CO-Cti,)-0'H,  [l] 

and  the  whole  c-fiect,  aa  will  be  seeo,  is  to  replace  one  i 
oxjgeo  in  the  radical  of  oxalic  add  with  two  alomaora  rt 
of  ih«  methyl  aeries.  Lastly,  if  we  subject  one  of  cbms  m 
tlius  synthetically  obtained,  to  a  dehydrating  agent  (POi 
P^O,),  the  result  is  an  ii^mer  of  the  acrylic  aeries. 

£t'0-{CO'(mi)  OH—  ff,0  =  Ei-O-iCO-CR'St).  [d 

Here  3i  stands  for  a  dyad  radical  of  the  olefianl  eeries,! 
the  symbols  of  the  compounds  which  have  b«en  obtaiiM 
this  way  are  given  below.  By  comparing  these  with  I 
aymbola  of  the  normal  isomers,  the  diffei-enee  of  etructure.l 
be  evideut. 

SBtadMT  AcMi.  Noimal  ArUa. 

Methyl-acrylic  Acid  a-0-(_CO-C(CH;).CB,)    nO-iCO-CH-Cfii] 
Melhjl-croloiiic  "    H-0-(CO-C{CH,)--C^H^    H-O-lcO-Cn-C,  " 
Ethyl-crotonic    "    H-O-iCO-CiCJO-C^HJ  H-O-lcO-CB-Ci 

When  treated  with  polaah,  the  secondary  acids  break  n 
the  normal  compound?,  but  t/iry  only  give  acrlin  t 
dyad  radical  is  elhyletu,  and  after  Writing  these  [vactioi 
cording  lo  ihe  models  given  above,  it  will  be  Been  nut  (m^rfl 
these  facts  confirm  the  opinion  already  expressed  i 
the  nature  of  the  change,  but  also  that  the  close  oninciilHi 
tween  theory  and  observation  gives  strong  grounds  for  b 
that  ne  have  gained  positive  knowledge   in    reguil  1 
structure  of  the  bodies  we  have  been  studying. 

455.  Tertiary  Adds.  —  By  means  of  the  following  n 
a  second  isomer  of  rrotonio  acid  has  been  obtained,  wbt  ' 
have  a  structure  differing  from  either  of  the  other  lirg  a 
tions  of  tliis  compound.     Compare  [444]. 

{CH^Cfl-CH^yCN-\-  K-On-ir  UtO  = 
*^'"*"^-  lCffiVH-CH,-00yOK+  IfBL  If  I 
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456.  Benxoie  AlcoltoL — If  tLe  peculiar  groupiug  of  the 
lariwn  atoms  represented  in  Fig.  c  (428)  is  an  esseniial  ehar- 
|tter  ill  ibe  structure  of  the  radica]  phenyl  and  ita  homologues, 

obvious  that  the  loweat  uormal  aleoliol  of  this  aeries,  formed 
r  tlie  type  of  common  alcohol,  must  have  the  compositiou 

epresenied  by  the  symbol  {C^HfCH^yO-H.  thU  body  i* 
izoic  Alcohol,  and  the  corresponding  aldehyde  and  acid  are 
well-kDOwn  compounda  Oil  of  Bitter  Almonds  and  Benzoic 

Lcid. 

TSiCH^-O-H,  {CJTiCOyH,  (C^If^COyO-M 

Bentoic  alcohol  may  be  prepared  by  treating  oil  of  bitter 
notuls  with  an  alcoholic  soluiioii  of  potassic  hydrate. 

iCtHt'COyH-{~  K-0-H= 

{cjr,-coyo-K-\-  {CjfiCii;)-o-H. 

It  may  also  be  made  from  (uluol  (methyl-phenylic  hydride) 
^34). 

CJTcCH^-\-  Cl-Cl=  {C^ir,-CH,yCl -{-  HCL 

{,C^lIcCH,ya+K-0-H=KCl-]r{CtHiCIQ-0-S. 

Moreover,  benzoic  acid,  when  acted  on  by  Dascent  hydrogen, 
^reduced  in  part,  first  to  benzoic  aldehyde  (oil  of  bitter  al- 

*  i),  and  then  to  benzoic  alcohol. 
Thfl  essential  oil  of  cumin  is  a  mixture  of  cymol,  Ci„^„  and 
aldehyde,  from  which  may  be  derived  on  the  one  side 
Ijll9  alcohol  homolo^us  wiib  benzoic  alcohol  and  on  the 
it  cuminic  acid  homologous  with  benzoic  add. 

%lfyi-CH;yo-ff,      {C„ff„-coyff,      u\,M,,-coyo-H. 

Byeocerylic  alcohol  {C\jH^-CH,yO-B,  obtained  from  a  resin 
Wght  from  New  South  Wales,  is  supposed  lo  b«  another 
mber  of  this  seriw. 

457.  PA^iols. —  By  coropai^ng  Uie  symbols  of  tbe  oorni&l 
'   '  ,  of  either  chtss,  as  given  above,  or  still  better  wtk^a 
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«xtiib  one  of  the  graphic  tnethotb,  tlie  siudiMit 

thai  tii.  liurity  iu  tbeJr  gtruclure  coaauid  mainly  m 

curnstai.  al  two  atoms  of  hydrogen  are  uitacbed  (u 

which  iht;  Rlom  of  lijdroxyl  it  ulw  ui 
«o  lliat  when  these  atoms  of  hydrogen  are  replacctJ  by  an 
of  oxygen,  e  radlciil  oialyl  H-OCO-  io  Jbrmud  in  the  mute:' 
cule;  and  l....,  as  has  been  show  n,  appears  lo  be  the  acidifying 
prini-iple  of  nil  the  organic  aciUd.  llt^iiee  hy  u  very  simple  n- 
plafement,  whicli  ^  "  ~  "  "'""  "'le  moleeular  Giruclure, ihc 
alrohol  changes  i 

Sueh  now  is  th \  sic  alcfiho],  but  «uch  iron 

nut  be  tlie  cond'  :  united  directly  to  onn 

the  oarbou   ato  e  nucleus    of    the  raitii 

phenyl,  and  it  cb^  hut  the  resulting  pi-odt 

CJJiO-H,  could  noi  \  acid,  at  least  of  tlie 

ty[ie.  without  diaturbiDg  iiin  y^^.xt,.„t  atomic  grouping;  phown  is 
Fifi.  c  («»).      Compounds  thus  eoaatitiued  are  culled  P/khoU. 

The  compound  Ca/^-0-.His  a  well-known  commereial 
duct,  culled  carboliu  acid.  The  more  appropriate  nan 
phenylic  nlcubol.  since  il  i^  a  secondary  or  p>eu Jo-alcohol  of  the 
phenyl  Herie>,  differing  from  the  true  alcohols  in  that  it  does  iwl 
yield  by  oxidation  a  homologuc  of  benzoic  aeid. 
ex|)ecl,  liowiever,  the  different  hydrogen  atoms  of  the  radical 
rooy  be  replaced  by  CI,  £r,  or  A'O^  and  a  great  nuinl)er  rf 
suhnitulion  prodncls  may  be  thus  obtained,  of  which  th 
known  is  the  Hj-ealled  Picric  Acid  (C^Hj{JfO,),)-0-ir. 

Phenylic  alcohol  is  one  of  the  products  of  ihe  dry  dintillalion 
of  coal,  aud  it  i.-i  procured  for  the  arts,  from  the  coal-tar  of  the 
■  gas-works.  Il  may  also  be  formed  by  disliUing  salicylic  »di 
with  baryta  or  lime,  or  by  tjie  action  of  nitrous  acid  on  aniline 
(107). 

H-Oi  CO-r^H,)-0-N+  CaO=CJhO-H-\-  Ca^OiCO. 

BWtfll.:  Acid.  Pb.D,licAlt.l«.1-' 

[506] 

IT^rjTfN^H-0-NO  =  C^HfO-H -^  R/J  +  NN. 

Phenylic  alcohol  smells  like  wood-tar  creosote,  and  is  t 
equal\y  poweTfu\  awtiae^tic  agenL  Indeed,  it  constitutes  iJ 
greater  pati  o?  i\\fe  stycsSwi.  tosli-\tw  -^wiwAii.  ''iViiaft  U  son 
times  asfloc\ttle4  viWVw.  *.Moaa.apasM«.-j  iI'm 
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ounJ.  which  Las  been  named  cresylic  ulfoliol,  and  ihU  h  llic 
pljf  other  [ilienol  which  liau  as  yet  Lecm  obuiitieil.  It  closely 
cmbles  Uie  fir^t,  lius  ihe  e3-inbol  C,iI,-0-II,  and  is  therefore 
mcric  willt  benzuic  olcohol.  Tlie  etudcot  ehould  seek  to 
ihibit  b;  graphic  s^ mhola  ihe  diiTurcnce  in  iliu  slnicfure  of 
ese  two  ifiomeriu  comjiound?,  on  which  the  ividc  dilii-renccs  in 
ur  properties  and  chL'micul  relatium  duiiecd,  and  thud  show 
to  why  n  nonual  alcohol  isomeric  with  ptienylic  alculiol  can- 
rt  be  produced. 

J5tt.    Acida  of  tlie  Phenyl  Seriet. —  BenKoic  acid,  formerly 
lively  obtaiued  by  suUimaiioa  irom  gum  beozoin,  i«  now 
ore  freq^nily  procured  from  bippuric  ueid  (168),  nhich  is 
i  ahuiidonlly  in  the  urine  of  herbivorous  animals.     When 
ippuric  acid  is  boiled  with  liydrochloric  acid,  the  I'udical  ben- 
7I  (C;F,0)  in  ibis  amide  changes  place  with  Hot  HO  11, 
\  the  producU  are  glycocol  and  benzoic  acid.     Only  tno 
Iber  acids  of  this  eeries  ore  known.    The  nonnal  eeries  proba- 
\j  in  eludes 

Acid      H-0-{CO-C^H,), 
■olnylicAcid      HO^COC-.H,)    or  HO-iCOC^H^Cff^), 
mainicAcid     H-0-{CO-C^u)  "t  H'0-(C0-C^H-C,H,). 

This  class  of  compounds  baa  been  comparatively  little  studied, 
id  future  itiveatigulion  will  probably  bring  lo  light  not  only 
her  members  of  the  series,  but  also  other  eeriea  of  related 
ids,  differing  from  the  normal  compounds  by  peculiarities  of 
rncture  or  plight  variations  in  composition.  One  such  com- 
Htnd  is  already  known,  and  this  bears  the  same  relation  to 
mzoic  acid  that  crotonic  acid  bears  lo  acetic  acid, 

ff-0-(rO'C,H,),  H-0(CO  rjf,<',rr,)i 


i  when  healed  with  potasaic  hydrate  cinnamic  acid  breaks  np 
o  benzoic  and  acetic  acids,  thus  :  — 

■0-(CO-CtffyCtH,)  -f-  2K'0-H= 


-Ji 

SC4  i&COUOLS  AND  THEHB  DEKIVATIVES.  [Sli}> 

Si  cid  is  another  compound  belonging  to  the  pliMjl 

group,  »  relation  to  benzoic  acid  id  indicateil  behiw.    TU 
volatile  on  •  '  meadow-sweet  {Spirtea  idmaria)  is  suppodrdlft 

be  the  &1  ifde  of  this  acid,  and  the  oil  of  winlergrcen,  oStA 

also  cheqi  berry  (  Gtiuicheria  procum&etit),  in  mcthjl  balicjlic 
add. 

HO'  }'C.m,                         ff-0-(CO'Ccff.)-0'3, 

B.  Add.  SiUcjUaAcU. 

ag  diatouuc. 


belong  u 
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459.    Gli/eoU.  —  The  dyad  rnaicals  of  the  ethylene 

may  combine  nitii  two  aloms  of  hydroxjl,  and  the  diatnmic 
hydrates  thus  formed  constitute  an  interesting  c!a?s  of  ak'dioU 
which  are  usually  called  glycols,  and  whose  relations  lo  rhe 
water-type  have  been  already  explained  (-il)-  The  foUowing 
reactions  illu^^lmte  three  of  the  methods  by  which  these  btuMet 
may  be  produced:  — 

1.  aff, -\- Br-Br  =  CsH,'Brr  [50S] 

2.  CJf(=Brj-{^2Ag-0-C^ff,0  = 

•2A3Br-\-  C^H,'0.'iair^O)^  [509] 

1.  c,//,  +  ffo-ci  =    cji,m.ci.        [ill] 


!.    C,H,-m,a  +  Ag-0-C,H,0  = 


itmi,  Aod  on  occuunt  of  their  diatumic  nature  a 
IT  to  [-143]  loay  ti<:  Qtice  repeated  with  each  of  Ihtse  bodies, 
'iVtrj  such  glycol  tltua  yields  two  acid^  whose  relalioas  may 
t  best  indicated  by  writing  the  symbob  aa  below  ;  — 

t-O-iCIfiCH.yO-H, 

H-o-(,co-cir,yo  n, 

OlvFoUie  Add. 

uo(,co-co)-o-n, 

1-0-ICHcCH{CH,yO-H, 

H-O-iCO-CHi^CH^yO-H, 


H-0-i.CO-CHiCOyO-B. 

HilDuk  Add. 


H-0{C0<\HiCH^-O-H, 

H-0'(CO-C\HiCOyO-H. 

In  llie»e  symbols  those  hydrogen  atoms  which  are  associated 
illi  CO  are  sirongly  basic,  and  those  which  are  associated 
ith  CH^  although  aleo  typical  and  rt^phiceable  under  certain 
nditioDs,  cannot  be  displaced  by  the  usual  metatheiical  mell> 
Is  (21).     In  this  we  find  the  expbnatioa  of  the  fact  stated 

(41),  that  the  acids  homologous  with  glyeollic  acid  are  only 
onobasic.  although  diatomic  and  ihe  acids  homologous  with 
wlic  acid,  both  ilibusic  and  diatomic     Of  the  glycols  included 

Ihe  list  given  in  the  section  just  referred  to  only  the  first  is 
led  to  have  the  constitution  exhibited  above.  Ii  i:;  prob- 
blfl  thai  In  the  oihere  the  atoms  are  differently  arranged 

The  following  derivatives  of  ethylie  glycol  will  furiher  illuB- 
■le  the  chetnical  relations  of  this  class  of  compounds :  — 

Cyaiihydrine  C^,-m,Clf, 

Brorahydrine  C^HiHo,Br, 

Dibrorahydrine  (ethylene  dibromide)  C^HcBr^. 
Brorao-elhylic  Glycol  C^H^-{  C^ff,)  0,Br, 

Sulphur  Glycol  C^tl^'.^H^ 

Compare  also  the  products  of  [509].  [511],  and  [512]. 
460.  Rh^lemc  Oxide  or  JEllttr,  wVvch  Va&  aX^tai'S  \wRss. 
mtioaed  aa  iMmt-rK  with  bolU  \ittjVvft  a\«nVii\  b.\i\  «K»iw 
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aldehyde,  is  another  of  the  derivatives  of  ethylic  glyooL   It 

may  be  produced  thus :  — 

Cs//4=0/^s  +  HGl  =  CA=IfoyCl  +  jr^o. 

[515] 
0^11,^116,01  +  K-0-H=z  G^Hi-0  +  H^O  +  KCl 

£thj-leiiic  Oxide. 

Tlie  following  reactions  illustrate  the  remarkable  rekitiooi 
of  this  compound:  — 

OJIi-0  +  H-H=  OJh'O-H.  [olC] 

O^H^-0  '\-  0-0  =  H-0-{00-CH.yO'H.     [.>17] 

C^i-  0'\-H-Ol=  OJUHo.  01  [Old] 

OJJi-  0^11,0—  OJJ^  Oilf^.  [5 1 9] 

It  precipitates  many  oxides  from  solutions  of  their  salti. 

MgOl.  +  20oH,-0  +  2H^0  = 

2  0jr^Ho,Ol'{-  Mg^OrlL.  njo] 

15y  expressing  these  reactions  in  a  graphic  form  the  SiU(l»;r.l 
will  see  that  tliey  are  all  possible  without  a  disruption  of  the 
original  niolecule,  and  this  accounts  for  the  great  dith-rmce 
between  the  behavior  of  ethylenic  oxide  and  that  of  cilivlic 
ether,  which  in  other  respects  is  similarly  constilut«*d. 

461.  Condensed  Glycols.  —  The  peculiar  constitution  of 
ethylenic  oxide,  just  referred  to,  gives  rise  to  a  clas^  (jf  glycols 
in  which  the  basic  radical  consists  of  two  or  more  atoms'  of 
ethylene  soldered  together  by  atoms  of  oxygen  {}i^)>  Thus, 
representing  etliylene  by  Et  =  C.Jf^y  we  have, 

Glycol  Ef-ChK;^ 

Diethylenic  Glycol    {Et-Q-EtyOrn^ 
Triethylenic  Glycol   {Et-O-Et-O-Ety  0.pll^ 
Tetrethylenic Glycol  {Et-O-Et-O-Et-o'-Et)  (h/L 
I\^.ntethylenic Glycol  (/;^0-/:^0-'^^0-i;^0-A7)- a/ /^^ 
Ilexethylenic  Glycol  {ElO-Et-O-Et-OEt-O-Ef  O  EtyO^-ffr 

Tliese  bodies  are  formed  by  direct  synthesis  when  glycol  and 
ethylenic  oxide  are  heated  together  for  many  days  in  sealed 
tubes,  but  they  are  more  readily  produced  by  the  following 
reactions :  — 

CJI^^Br^  +  Ojl/.-IIo^  =  2  0^cHo,Br,         [521] 
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J7.'J9Mi-+  CtHfBoi={C^H,-0'Cjr,)-Ho^-\-HBr.  [522] 

{C^,-0-C^,-0-C,ff,yffot+  HBr,  [523] 
[«>d  f>o  on. 

Tlic  lust  reactions  are  also  olitained  by  heating  lo^etbcr  the 
riginnl  fw'lors  in  cloBed  lubea.  The  several  changes  succeed 
I  other,  and  thus  more  and  uiore  complex  molecules  are 
tdnally  built  up.  Ilowcver  great  the  condensation,  these 
adcii-ed  molecules  contain  but  two  typic^  atoms  of  hydro- 
I.  aud  when  oxidized  onJy  lour  of  [ho  ff  atoms  in  the  radi- 
n  be  replaced  with  oxygen  as  in  the  normal  glycol.  At 
his  ia  true  of  dieihylenic  and  Irieihylenlc  glycol,  and  with 
e  atonn  the  reactions  have  been  studied.  The  symbols  of 
e  acids  resulting  from  the  oxidation  in  the  two  coaes  may  be 

\-0-C^O^yOiff^     and     {0^,0  0^,-0-0^0,)' O/B'^ 

I  ^Hio  compound  (Csff,'0-C^B',yOi  is  also  known,  and  these 
larkabtu  bodies  derive  a  special  interest  from  the  fact  that 
fr  Study  of  the  phenomena  which  they  present  has  furnished 
e  Itey  to  the  cKplanation  of  the  more  complex  phenomena  of 
B  kind  with  which  we  are  already  familiar  in  the  inin- 
i]  kingdom. 

i  462,  Afonobaiic  Arids.  \.  LacHe  Famihj.  —  This  family  of 
"  ,  which  represents  the  first  stage  in  the  oxidation  of  the 
Eols,  is  at  tlie  present  time  especially  interesting,  because  the 
lenomcna  of  isomerism  have  been  here  studied  with  more 
I  than  in  any  olber  claas  of  compounds  of  equal  com- 
bxity.  According  to  our  view^  the  normal  glycol  is  one 
Mdl  admits  of  two  degrees  of  oxidation,  as  represented  in 
159).  Sucli  a  glycol  may  lie  represented  by  the  general 
mbol  Ho  {C//i(  Cff^),-CJIi)-ffo,  where  {CH,).  stands  for  any 
iefine,  and  common  glycol  is  tbe  Sr^t  term  of  the  series,  for 
^Ucb  »  :=  o.  The  glycols  actually  known,  however,  with  the 
aepllun  of  the  first,  belong  to  a  difffrent  type,  represented  by 
B  symbol  H<,-(CHj-CH^yHo,  in  which  R  stands  for  a  radi- 
1  (^  the  methyl  series,  and  which  is  capable  of  rariatioili 
t  only  by  changing  tliis  radical,  but  aUo,  ta  m  iAvb  uottos!^ 
(rfpft  /y  tbp  aJiiithn  of  ( CH^^  between  lixe  V-no  c»,v\k«v  w.\Ka» 
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of  the  original  type.  Moreover,  it  is  evident  that  we  nif^ 
have  still  a  third  class  of  glycols  corresponding  to  the  genal 
symbol  Ho-{CH^-{CH^^'CVi^yHo. 

From  these  three  classes  of  glycols  we  should  eviJentIr  dh 
tain,  at  the  first  stage  of  oxidation,  three  classes  of  acids,  thus:— 

Normal.  Seeondoiy.  Tvrtiuj. 

Ho\CO-CH^-Ho,  Ho'{CO-CHViyHoy  Ho^COCViii-B; 

Nonnal  Oleflne. 

.  Ho  -(  CO  -(  GFj).-  CHt)-Ho, 

SocoBdarj  OIcAiie. 

Ho-{CO  -( CH^),-  CHKyHo, 

Tertiary  Olcfiw. 

Ho-{ C0'{ CB,),  Ctt,)-//i; 

and  the  term  olefine  may  be  appropriately  used  to  di?tin^i>b 
the  succeeding  members  of  each  series  from  the  (iret.  More- 
over, it  is  equally  evident  that  by  replacing  with  univalent 
radicals  llie  hydrogen  of  the  non-basic  hydroxyl  wo  may 
obtain  a  whole  group  of  acids  corresponding  to  each  ot"  the 
members  of  the  above  scheme.  These  last  acids  we  ^IiaII  call 
etlieric,  and  we  will  next  endeavor  to  show  that  the  -vmbnU 
which  have  been  assigned  to  tiie  known  members  of  thf;  lactic 
family  of  acids  are  legitimately  deduced  from  observed  I'aci^. 

4().*>.  Normal  Acids,  —  Only  tliree  members  of  tliis  ^crie* 
are  known. 

Glycollic  Acid  Ho-{CO-CIl^-If\ 

Taralactic  Acid  llo -{CO- OIL- C//,)-IL*, 

Paraleucic  Acid  ffo-(  C0-{ 011,),-  CILyllo. 

Th(t  s3'rnbol  of  glycollic  !lcid  may  be  inferred  frnin  that  of 
glycol,  since  the  acid  is  a  product  of  the  diix^ct  oxidatimi  of  this 
diatomic  alcohol.  The  symlx)!  of  paralactic  aci«l  may  be  re- 
ferred back  to  that  of  ethylene,  which  we  assume  to  bc 
(C/^-C//,),  by  means  of  the  following  reactions  :  — 

1.  (rVA  67/.)  +  COCL  =  Cl-(CO-CILr//,)CL 

2.  n-{co-cirrrn,yci-\-^KHo=  [524] 

/3  Chloropropionylic  Chluriile. 

Ko-{CO-CH.rCff,,yifo  +  2KCI+  I/^O. 

I'btOMic  Fanlactute. 
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«oalso 

CN-tCff,-Cff,yffo  -I-  Kffo  Jf-  H,0  = 

fc7«d.,uH«.  Ko'{VO-C!l,-Cn,)-Ha  ^  mi^  [525] 


!ie  body  called  paraleucic  acid  was  formed  by  reaclions  simi- 
r  to  [524],  using  amylene  inslead  of  ethylenu,  bat  it  lias  not 
it  be«n  completely  investigated. 

464.  Secondary  Aeidt.  —  TLis  series  includes  tbe  most  im- 
niant  nrads  of  the  lactic  family,  and  corresponds  to  tlie  series 
'  known  glycols.  For  this  reason  ils  members  are  regarded 
r  Fmnkland  as  tbe  normal  compounds.  The  following  are 
«e  clasBed : — 


Glycol  lie  Acid 
Lactic  Add 
Oxybu  lyric  Acid 
Valerolactic  Add 
Leucic  Acid 


Ho-{CO-CHH)Ho. 
Ho'iCO'CHMiy-m. 

ffo{C0'Cff£ty-m, 

No-^CO  CHPry-Ho, 
IIoiCO'CHSuy-Jfo. 

Glycolllc  acid  may  be  regarded  as  bt:lon;fing  to  botb  the  Dor- 
rI  and  secondary  series.  Under  certain  conditions  it  ii  formed 
Ilia  DXidalion  of  common  alcoliol. 

^■{CHiCHiH)  +Z0-0  =      • 

*^'"'-  2Ho-(CO-Cff,)-Ho-l'iIf,0.  [526] 

Tbe  oonstimtion  of  lactic  acid  is  made  evident  by  tliefollow- 
ig  oonsidentlions.  It  has  already  been  shown  tbat  llie  symbol 
'iJdehyde  must  be  H-(,CO-CH,).  When  tbis  is  acud  on  by 
'Cti  we  obt^n  a  compound  isomeric  witb  ethylene  chloride  by 
e  reaction 

This  product,  however,  differs  from  ethylene  chloride  both 
I  its  physical  and  chemical  properties,  and  it  mu^^t  therefore 
)  the  E^loride  of  a  distinct  radical,  to  which  hns  been  given 
IB  name  of  ethylidcne.  Moreover,  the  mode  of  ita  proHuclion 
190)  leaves  oo  doubt  in  regard  lo  its  conetitution,  and  then  by 


510 

LC0H0L3   ASD  THEIR  DEItlVATITES.           [MCi  J 

eiclu 
evidenr, 
grouped  .. 

Cs  the  Bymliol  of  ethylene  aa  well ;  fiir.  i>  li  1 
alorns    C,//,.   to  form  a  dyad  radical,  must  tafl 
me  or  two  ways,  either                                       JH 

H,-CH,);              or              '[C/T-^CJp.            ■ 

Now,  1       le  c^iihydrioe  of  ethylene  yields  pandnctic  >^H 
80  [lie  cy«u..ydriue  of  ethylidene  yields  coididod  lactic  wad.  ^| 

Ho,Cm          "-    i     I--".    1     «0=                                     ■ 

We  can  non                                    ng  reoedon  by  wbieb  l*^| 
acid  is  obtainei                                    =  —                                 ^H 

1.    Ho  (CO 

2.  Ho'(CO-aiCl-Me)-^^K/fo~ 

Ko'(,CO-Cmieyffo  +  A'CT  +  //,0. 

TVe  are  thus  able  to  sliow  to  what  part  of  the  radical  d 
pro[)innic  acid  the  hytli'o;r<'n  atom  rejilaced  by  chlorine  be- 
longi'd,  Jlorerjver,  it  is  evident  that  tlic  acid  which  (vould  he 
ohlained  by  the  action  of  water  on  S  cliloropropionylie  chloride 
(4G3)  must  differ  from  that  formi'd  us  above,  and  we  can  undM- 
stand  the  reason  why.  LiL^tly,  since  lactic  acid  has  aUo  hren 
formed  by  the  oxidation  of  proprlic  glycol,  we  conchidp  dwl 
the  coiislitntion  of  this  botiy  rauat  he  /fo-[CHfCUMe):Sa,a 
intimriled  in  (112). 

For  the  methods  by  which  the  constitution  of  the  otter 
members  of  thia  series  has  betjn  esiablished  we  must  refff 
Ihe  Biudent  to  more  esttnded  works.  The  examples  pva 
are  sufficient  to  illustrate  the  gi^neral  course  of  the  reasonin?, 

4(15.  Etheric  Secondari/  Acids.  —  So  secondary  oleline  acMi 
arc  known,  but  by  simple  metallielicaj  meIlio<l9  we  can  eaalj" 
replace  the  hydro<^n  of  the  non-basic  hydroxyl  in  the  c«t 
pounds  of  (ills  series  willi  viirious  radicals,  and  the  follosring. 
bodies  will  serve  as  examples  of  the  products  thus  obiained:- 


Methyl-glycollic  Acid 
A.ccloAa«\c  Koi 


fTo-{CO-CH,)-M,<,, 
Ho  V^O  CHjfcV-E«^ 
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466.  Tertiari/  Aci<U.  —  The  following  nre  known : — 

Dimelhoxalic  Acid  Ho  -(  CO-  CMr^IIo. 

Ethoroetlioittlic  Acid  m-{CO-CMeKtyHo, 

Dietlioxalii;  Add  HolcOCEt^YHo. 

Our  knowledge  of  the  constitution  of  these  acida  is  based  on 
Ibe   beautiful  Bynthcticid  meiliod   (454)  by  wbicit  they  were 
prodnn-'d   by  Prufessor   Fraiikland,    who    has   also  obtained 
acids  belonging  to  this  division,  but  no  corresponding 
les  have  beea  dtseovered. 

467.  Jtomrritm  in  the  Lactic  Family.  —  The  number  of  poB- 
iAomeric  comtiinaiions  in  tliis  family  of  acida  is  evidently 
te.     The  following  are  two  of  the  known  examples :  — 


Bo  -{  CO  -  CHi  CH.;)Ho, 
Bo'{CO-CHMe)-no, 


Ho-icO'CHEtym, 
ih-ico-CM^ym, 

IHiHauinUi  Add. 

Ho-(CO-CH^)-Eto. 


468.  Laelic  Acid  is  by  far  the  most  important  member  of 
|la  fiimily  to  wliith  it  gives  name,  anil  one  of  ilic  rao^t  common 

BT  the  organic  acid^  It  is  the  acid  of  sour  milk  and  sauer- 
_raat,  and  is  a  general  product  of  putrefactive  fermentation. 
!nie  acid  contained  in  the  gastric  juice  and  manj  oihcr  animal 
Bids  is  said  to  be  paralnciic  acid.  The  salts  of  lactic  acid  are 
Bry  numerous,  and  those  of  the  bivalent  metals  bind  (wo 
toms  of  tlic  acid  mdiciils.  By  the  action  of  HI  lactic  acid 
lay  be  convened  into  propionic  acid. 
ff{CO-rHMtyUo  +  2///= 

u«i.A^         i/b-(CO-r//,-,lft)  -f  ff.O+  /■/.  [530] 

469.  Monobasic  Aeids.    2.  P^mvie  Series.  —  Two  members 
sly  are  well  known  :  — 

Glyosalic  Add  Ho-{CO-CO)-ir. 

Pyruvic  Add  Ho'lcOCOyMe. 

The  first  mny  be  regarded  as  the  aemi-aldehydo  of  oxalic  acid, 
oompound  called  glyoxal  being  ibe  fnll  aldehyde,  thus:— 
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Both  gljoxalic  acid  and  gljozal  are  formed  when 
alcohol  b  oxidized  by  nitric  acid*  * 

Alcohol.  O^yozaL 

[581] 
H'iCO-COyHA-  O  =  Ho'(CO'COyK 

GlyozaL  oVooUe  AeSd. 

Glyoxalic  acid  reduces  argentic  oxide  like  an  aldehyde,  and 
passes  into  oxalic  acid. 

Ho'{CO-CO)'H+  0  =  Ho-iCO'COyHo.     [582] 

Olyozalle  Add.  Oxdie  Add. 

Compare  (479). 

The  relations  of  these  oompounds  to  the  acids  of  the  lactic 
family  are  equally  dose. 

ffo'(CO-COyif+  H'H=  ffo'iCO'CILyffo. 

Olyoxalic  Acid.  Glvcollic  Acid. 

[:>.^3] 

Eo-(CO-COyMe  +  H-H=  JIo-{CO-CnMeyi/o. 

pyruvic  Acid.  Lactic  Acid. 

470.  Dibasic  Acids.  1.  Succinic  Series,  —  Of  thi'?  impor- 
tant serios  of  acids,  which  represents  tlie  second  Plage  in  the 
oxidation  of  the  normal  glycols,  the  following  members  are 
known  :  — 

Oxalic  Acid  Bo  -(  CO  -  CO)  Ho, 

Malonic  Acid  HoiCO-CHrCOylh, 

Snocinic  Acid  I/o-{CO-(('ir).rrO)-/fu 

rvrotartaric  Acid  IIo-{CO-(rllh-('f^)Ify, 

Adipic  Acid  I/o-(CO-{C/l^,-rOyIlo, 

Pimelic  Acid  IIo'{CO-{CR^,-rnyHo, 

Suberic  Acid  Ho-{ C0-( CH,),-CO)-/fo, 

Anclioic  Acid  Ifo'(CO-{CJ/,):-COyiro, 

Sebacic  Acid  Bo -(  C0-{  T//,),- COyffo, 

Roccellic  Acid  Ho -( C0-{ Oil),,- COyHo. 


With  the  exception  of  the  first,  each  compound  in  the 
admits  of  one  or  more  mod ificiit ions,  the  possible  isoowrie 
forms  rapidly  increasinj]f  with  the  number  of  carbon  atoms  id 
the  oknne  radical ;  but  the  exact  constitution  of  these  bodies Im 
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.  definitely  fixed  ia  only  a  few  casra.  The  relmion  of  the 
nmal  acida  to  C}ie  (define  radicu1«,  wliicii  Ui«yare  unsumcd  to 
nUin,  ia  indicated  by  the  rullowing  gL-oi^ru]  eyntht:li(-itl  nii^lhud, 
r  which  they  mny  be  produced :  — 

y-(6W,).-tW-f  2K-ffo  -f  2H,0  = 

cvtiod.  *B-u-t         j^^  .J  ^^_^  f,^.^^_  f,Qyj^^    ,    2_,\74  [534] 

When,  on  the  other  hand,  these  acids  are  acted  on  by  agents, 
hteh  determine  the  eliminalion  of  COj  from  their  molocnltrA, 
ley  »re  converted  first  into  monobusic  acids  of  the  aceiic 
iries,  and  then  into  hydrides  of  the  olefine  radicals.  In  some 
nea  ihe  action  of  heal  alone  is  sufficient  to  produce  the  renuli, 
K  in  moat  cases  the  body  mu^t  be  healed  wiili  some  caustic 
blli  or  earth.  It  will  readily  be  seen  that  by  eliminating  first 
le  and  then  a  second  molecule  of  COi  from  Ihe  dibasic  acid, 
«  two  compounds  on  the  same  line  irould  be  successively 
rmed.  The  name  h  omitted  when  it  is  not  knowu  that  the 
tMluci  has  beeo  obtained  by  the  reaction  Just  indicated. 

'o-{C0'CO)IIo,  Ifo(CO-If),  ff-H. 

OuUl  Alld,  Fonnic  Adit.  B)^ln«<B  Ou. 

'o-{C0-rH^CO)Ho,  Ho-{rO-GH,),  CIf„ 

•a-{COC^^CO)-Ho,         no'(CO-CJQ,  CJf,, 

o-(cO'C^i,-co)m, 


It  will  thus  be  seen  how  closely  the  acids  of  the  succinic 
rie»  arc  related  to  those  of  the  acetic  aeries,  and  the  same 
lint  is  still  further  illn^traled  by  the  following  beautiful  series 
rmctions  by  which  acetic  acid  has  been  converted  into 
ilonic  Bad  and  the  order  of  the  changes  described  above 
TMWd. 

Sfico-Cff,)  +  ch  CI =Uo'(co- effect)  -f  ncL 

i-{CO'CffiCri-\-KCy  =  KCl-\-n<,-(CO-CJ!^C^).  [535] 
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In  tlie  Eume  vinj  euccinic  ai:id  hais  been  oblaincd  f 
propioDic  acid,  and  formic  add  may  be  cli&ugvd  into  oxalic  m 
etill  more  readily. 
2JJo-{C0-ff)  +  2E-0-JI= 

^o-(CO-CO)-Ab-i-  2£r,0  +  /f-| 

471.  Succinic  Acid  wos  originally  prepared  by  diwi 
amber,  and  lakes  ils  name  from  the  Latin  name  (nuvi'ni 
of  this  fossil  resin  ;  but  it  is  now  generally  obtained  by  ilie 
mentation  of  crude  calcic  matate.  It  occurs  ready  forrooj 
amber,  in  certain  lignileH,  in  some  varieties  of  turpentine. 
in  several  planla.  Tins  acid  is  a  frequent  product  of  l!ie 
dalion  of  organic  subslauces,  and  is  always  formed  togei 
with  otber  products  when  the  fat  adds  are  oxidised  by  ni 
add.  Succinic  acid  Itself  singularly  resists  the  action  even 
powerful  oxidizing  ageuts.  It  forma',  like  oxalie  acid, 
classes  of  eilILs,  neutral  ucid,  ajid  super  acid.  When  distilled 
it  breaks  up  Into  water  aud  an  anhydride. 

l{u-{CO-C\H,-CO)-Ho  ^  0-i(CO)^'CJQ  +  U^O.  [536] 

Under  the  influence  of  nascent  oxygen  produced  by  i-leciro- 
lysia  it  yields  ethylene  carbonic  anhydride  and  water. 

Bi>-{C0'CM,-CO)-ffo^  0=  CiI/^-\-2C0.-\~  n.O.  [o37] 

472.  Dibasic  Acids.  2.  Fumaric  Series.  —  Two  fets  of 
isomeric  compounds  are  known  corresponding  to  two  terms  of 
a  aeries  of  acids,  which  stand  in  the  same  relation  to  the  soc- 
cinia  series  that  the  acrylic  hears  to  the  acetic.     Thus  we  have 

Fumaric  Maleic  orlsomaldc  Adda       Ho-{CO-C^fi^COyBi, 
Itaconie  Citruconic  orMesaconicAcida  HQ-{CO-CiR^C'0)-S>. 

The  firpt  lerm  admits  of  only  four  modificalious,  and  ds 
choice  of  pymbols  for  fumaric  and  maleic  acids  is  limited  \i] 
the  fact  that  when  acted  on  by  nascut  liydrogen  they  bcA 
give  succinic  acid.  Furthermore,  both  acids  combine  diredl; 
with  two  atoms  of  bromine,  and  though  the  immediate  produdi 
of  tliis  union  are  differunl,  yet  both  bromo  and  isobromo-surrinii 
acids,  as  lYie'j  big  raiW4,  -^TcAMce  '4»i  ^woa  wiiciulc  acid  wba 
the  brommc  \a  rev^acelX)-^  Vs^to'gm. 
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The  McoDd  term  may  be  taried  in  do  le^s  than  eleven  ilif- 
rent  ways,  and  the  ihree  formube  belonging  to  the  three  known 
adds  ouinot  at  present  be  recognized. 

These  bodies,  however,  are  related  to  pyroiartaric  acid,  just  as 
'Uie  first  set  aie  to  succinic  add.  All  three  yield  ihis  product 
rhen  acted  on  by  nascent  hydrogen,  and  alt  three  combine 
Fbb  bromiue,  forming  hromiiiated  acids  which  hydrogen  con- 
erls  inio  the  same  pyroiartaric  acid  as  before. 

Fiunaric  and  Muleic  acids  are  both  formed  during  the  dlslil- 
■tlon  of  tnalii!  acid,  from  which  they  differ  only  by  one  mole- 

of  water. 
^-{CO-CH^-CHHo-CO)-Ho  = 

"^*^      Ho-{CO-C,Hi^CO)-HoJ^H.,0.  [538] 

Malic  aciij  is  the  acid  principle  of  apples,  and  of  many  other 
Fumaric  acid  is  also  found  in  certain  plants,  but 
oaleic  acid  ha?  not  been  met  with  ready  Ibnned  in  nature, 
itaconic  and  cilraconic  acids  are  products  of  the  distillation  of 
ilric  acid.  The  third  terms  of  both  groups  are  products  of 
^>ecial  processes  which  cannot  be  traced. 

TRIATOMIC  COMPOUNDS. 

473.    Trialomic  Alcohols,  or  Glycerinei.  —  Common  glycerine 

tlu!  hydrate  of  the  triad  radical  (  (\/fi)^  and  has  all  the  char- 

LCtcTtsttcs  of  a  triatomic  alcohol.     The  natural  fats  are  mii- 

of  various  salts  of  the  same  radicals  associated  with  acids 

iftlie  acetic  or  oleic  groups.     When  boiled  with  alkalies  these 

are  dccnrapDsed,  a  hydrate  of  the  radical  (glycerine)  is 

and  alkaline  »dld  of  the  fat  acids  result.     The  last  are 

nUiariy  known  as  soaps,   and  such   reaction.'!   are   termed 

jonijlealion.     We  cad  also  saponify  the  fals  wiih  plumbic 

Ide,  and  then  ihe  lead  soap  (or  "  plaster  ")  being  insoluble  in 

nier,  while  the  glycerine  is  soluble,  the  products  are  easily 

cparated.     Tlie  fats  may  even  be  saponified  by  water  alone,  if 

lAlng  at  a  high  temperature,  and  glycerine  is  produced  in  the 

tl  In  large  qnontities  by  distilling  the  fats  in  a  current  of 

iperhcnted  Etenm.     The  products  of  the  decompo-ritioii  puss 

rcr  together  i  but,  in  consequence  of  their  msolaUUitj  «a4  V™ 
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condenser.     Tlie  reaclion  iu  ooe  case  b  rcprewnled  lijr  ifae  U- 
lowiiig  equftlitm ;  — 

(CU/.)=o^{ru//„o),  +  3Jt,o  = 

Glycerine,  like  all  the  trutj  ali-ohola,  rea*l!tjr  t-xchmr.;-  ■  /.'-  ■'. 
ils  radicnl  for  O  under  thn  indoeuce  oT  vudtEiny  u.r  ii  -  n'  I 
the  aciil  product  U  calK'd  glyceiic  acid.  Thvor;  W'tulil  ioA 
OS  to  expect  two  stages  in  this  proceaa,  and  two  corrwiMiMlinf 
ac;(U,  thus :  — 

UUmlui.  —    + 


the  first  being  triatomic  and  monohasic  am!  ibo  aoooml  u 
and  dibasic     The  second  add  buj  nut  as  yd  Ihh-h  (XTMland 
by  the  direct  oxidation  of  glycerine,  but  thrn;  enn  Ik.  Iml.. 
doubt  that  larironic  acid,  which  is  forrndd  by  the  ^I■' 
decomposition  of  niiro-lartaric  add.  is  the  acid  in  i\ii-- 

When  acted  on  by  ^7,  glycerine  is  converltsl  into  i     i  '■ 

{CSfCfffCiryffot  +  5Hf= 

The  relations  of  glycerine  to  allytic  alcohol  wid  pro 
glycol  are  illusiraled  by  [491  «(  wy.J  aod  [5H]. 

Under  the  action  of  HCl  glycerine  excfaau^tes  JKt  Ear  ( 
two  successive  sta^fes,  and  \>j  means  ot  PC^  nil  tlu«o  ■ 
Jfu  may  be  tlius  rejibced. 

The  compound  ( CtH,)~-Br^  may  be  fonneil  by  «  « 
action,  and  by  acting  od  thia  first  with  argenilc  aectain  g 
saponifying  the  "aceline"  thus  produced,  p) 
generated.     When  acicd  on  by  a  mixture  of  B 
phuric  arid  glycerine  yields  a  highly  t'Eplotuvc  a 
glycerine,  Wicb  mt,f  \k  t«^>ri>«A.  u,  a.  oUraU  o 
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Theory  would  lead  na  lo  expect  anhydrldos  of  glycerine. 

first  nnhydriJe  (callefl  Gli/cide)  would  have  llie  symbol 

Cf/ffyO,Ii>,  and  allliougU  this  body  iteelf  ia  not  known,  sev- 

ni  of  whut  mity  be  regarded  aa  its  derivatives  have  beea 


c»Ht)'0,m,  {C^H.yo.ci.  {Cji.yoj,   {c,if,)iro,0{,Br. 

By  reactions  similar  to  [521  ei  sej,],  condensed  glycerines 
■TO  been  formed.     Thus  we  have 


C,fffO'C^,y0^if„ 


(  Cs^-  0  -  C,S,-  O  C,ff,)i  0^„ 


rbich  are  evidently  alcohols  of  higher  atomicity  than  glyLtrine. 
ike  similar  polybasic  compound?,  they  may  be*  regarded  as 
uived  from  a  group  of  two  or  three  molecules  of  glycerine 
f  Ihe  elimination  of  a  suflSeient  number  of  atoms  of  water  to 
■rnish  the  oxygen  rei]uired  to  bind  together  the  biLsic  rudicals 
ISl).  Continuing  this  elimination  still  further  wt;  should 
bUin  a  series  of  anhj'drides,  one  of  which  is  known,  viz, 
ftfii"0,=C,^)'Oj"i^  and  also  a  corresponding  chlorhydrine 

The  following  reactions  illustrate  the  formation  of  eome  of 
'  B  above  compounds  :  — 
(iB^Ho,Cl,-\- K-0-Jf=  C^fyO,Cl-{-IT,0  +  KCl. 

(CH,yO,Cl+  HBr ^  {C,H,YHo,Br,Cl.       [541] 

474.  Ethtr$of  CTycenV.  —  By  the  action  of  Na-O-C^H^ 
mono-,  di-,  and  Iri -chlorhydrine,  wa  can  replace  either 
two,  or  all  three  of  the  atoms  of  typical  hydro^n  in  gly- 
irine  with  ethyl.    The  products  have  been  called  elhylines, 

C,Ii,yQMC,nXH,,    iC,H^-^OMC,H^,H,       <.C,U,VO,HrjI,\ 

By  heating  glyeerine  with  acetic  acid  the  typical  atom^  of 
grdrogen  may  bo  replaced  by  the  radical  acetyl  tn  the  umu 
e  proportions :  — 
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ing  to  the  ucetio  » 
CL-ridea,  when  healed  i 
acDong  oiiier  produc 
highly  characlerist' 


Using  in  a  Bimilar  way  acitls  higher  in  the  eeries,  bodies  sin 
to  the  fats  may  be  produced.  The  natural  oila  and  fiiU 
mistures  of  such  salts,  chiefly  those  of  palmitic  steariu  anil  oleia 
acids.  The  solid  fata  consist  chiefly  of  slearines  and  palmitini^ 
and  the  liquid  faU  of  oleines.  The  eo-called  drying  oiL',  nbiil 
when  exposed  lolheairabsorboxygenand  change  to  adry  Ksia" 
Oil  part "  glycerides  "  of  acids  not  buloiig* 
B,  although  cb^ly  rekted  to  it.  All  gly 
n  the  air,  are  decomposed  and  yicU 
j  acrolein  whose  penclraling  odor  ii 
This  volaiilo  body  is  fornicd  abundanlly 
nhen  glycerine  is  heated  with  substances  having  a  stroo] 
aitraction  for  water,  such  as  phosphoric  anhydride,  BuIphunK 
avid,  or  still  better  acid  potassic  sulphate. 

{CJI.yOrfff,  =  2/7.0  +  (C^fTfCOyU:        [54^ 

I'ropylic  alcohol,  propylic  glycol,  and  glycerine  arc  all  closelj 
related  compounds,  and  may  bo  regarded  as  derived  from  the 
same  hydrocarbon, 

C,HfHo=C,H,0,    C^HgHoj=C^H^O„    C,ff^Ho,=C,ff,0^ 

and  hence  common  glycerine  is  distinguished  as  propylic  glj- 
ceriiic.  Araylic  glycerine,  the  only  other  compound  of  tlia 
series  which  has  been  produced,  has  not  been  thoroughly  inv<a- 
tigaied. 

47 J,  Tnbasic  Acid. —  A  triatomic  acid  of  this  class  hai 
been  obtained  from  glycerine  by  the  following  reaction ;  — 

CJI^Br,  -}-  3Kq,  =  3KBr  +  C^Ify  Q/j. 

[513] 

cjf,-(ry)j-\-dKi/o+3ff.,o=cjf:f(co-Ko)^-\-3yif.. 

OljctrilCjuMc.  roi™itT7ie«l«ll,l.w. 

The  tricarballylic  acid  may  be  regarded  as  the  third  stage  of 
oxidation  from  an  unknown  he^iyl  glycerine,  and  aconitic  aci^ 
found  in  the  roots  and  leaves  of  monkshood,  is  the  correspond- 
ing  acryloid  compound. 


(Ho-CO>^0JI« 


^i\<,-f.o^s(;oii^ 
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Aconitic  add  may  be  obtaltied  by  cauliously  heating  citric 
id,  but  at  Uie  temjieraiure  of  160'  it  loses   CO^  and  is  eon- 

tilo  ilacoaic  acid,  already  mi^ntioncd  ninuDg  Ibe  dia- 

im  pounds. 

ACoBlUi:  Add.  lUlsuald  MH. 

CStric  acid,  the  well-known  acid  principle  of  the  lemon,  but 
'hicli  is  also  found  in  many  other  fruits,  although  ouly  tribasic, 
i  telratoniic  and  therefore  belongs  to  (lie  next  division.     It 
from  aconitic  acid  by  only  a  single  molecule  of  water, 

{Ho-COUC,H,-Ho  —  Hfi  =  {ffo-CO)^C^ff„     [M5] 

m1  hence  Ihe  transformalions  which  it  undergoes  when 
Uted  (472). 

TETBATOMIC  COMPOUNDS. 
476.  Telratomie  Aleuhol.  —  Erythrile,  a  white  cryetaltine 
Aterial  extracted  from  various  lichens,  h  regarded  as  an  alco- 
Dil  of  this  class.  It  combines  with  the  fat  adds,  forming 
Jiers,  and  it  contains,  as  the  Bymbot  given  below  indicates, 
lur  atoms  of  typit-al  hydrogen.  The  following  reaction  ex- 
ibits  its  conatituliun,  and  the  symbols  which  follow  show  its 
ilations  to  butjlic  alcohol. 

iblfc  atrditdt.   BditUc  Alnhiil. 

Theory  would  lead  ua  to  eipect  three  acids  from  the  osida- 
Dn  of  erythrite,  but  of  these  only  one  is  known.  Tlie  second 
irivntive  is  tartaric  acid,  whose  telratomie  and  dibasic  char- 
iter,  already  illustrated  (209),  is  thus  explained :  — 

\BiOiH.,     C,lI.I>0,iii,.H,     C,H,0^0;.U,.Ut,      C,OiOiH,H, 

CStrio  acid.  f\ff,Oa'-Oti/f,JfsT  is  a  horaologue  of  the  unknown 
'  derivative,  and  moy  be  regarded  as  demeA  vti  xVa  »asi& 
fmia  aa  uaknowa  alcohol  of  this  eene& 
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Tartaric  aoid  ii^  do!<ety  AUicd  botli  to  mHllc  aud  eo  • 
Malic  iidil  U  a  liomulogue  i>f  tariuroaii^  add.  ami  Uii  < 
reaiJy  been  meniinncl.  As  llie  foIluH'^iiig  •^mbol-.  >i.> 
diflVr,  eaoL  from  ihe  ucxt  in  urder,  by  a  tingW  bIori  'h 


CITfitOfir^ 


CJhOfOfUff,  C,H,(K  ■ 


When  tartaric  acid  is  hcnted  willt  ffT  ii  u  rrdum)  i< 
mnlic  Aciil,  and  then  in  succinic  Kciil,  and  oo  tbe  d1)i*  r  ii:  ' 
treating  bromo-  and  dibromo-  BUccuiic  acidit  with  m.i'', 
argentic  oiide  lliu  reverse  ulmugc  may  be  elTrctcU.  i 
markable  isorodric  modiiicutioafl  uf  turtario  acnij  Imvs  m 
been  noticed  (70),  (85). 


HKXATOMIC  COMPOtrsnS. 
477.   Mannite.  —  No  wFrlMefined  p«iUitomic  coiii|x 
known,  but  several  hcxatonric  compounds  Iinv«   been  A 
guisbed,  and  it  iH  probable  that  manv  uf  fau^hnrioe  Em 
long  lo  tliis  class.     By  esiracling  (Common    mfuitia  { 
udation  Cnim  eevend  species  of  a<:b)  triih  K>ilii>"  nli-i 
easily  obtain  a  highly  rtystalline  white  ^'ili  ' 
th«  taste,  wblt-h  ie  called  manniU,    Tlii^ 
tomic  alcohol, and  Its  composition  is  irpro-^'!.: 
Ccff,Wtl//t.     Its  constitution  Is  indicated  hy  [)»•  rulkwin 
cnmelanc^'s :  1.  When  treated  with  a  mixtare  of  7 
Bulpbiiric  ai^ids  it  yields  a  product  similar  lo  niira^^ 
CJ/^O^{y0,)a.    2.  It  fonns  numrroHs  001  "      " 

fftl  ncidr,  in  whirh,  as  before,  «ii  atoms  of  hydrd 
placed   by  1I10  acid  radical ;  for  example,  tlie  * 
compound  with  olcaric  acid  is  C,fl',10(!(C„/t^ 
acted  on  by  Jtl  in  a  similar  raaotter  to  l^rytllrilo  and  g 

4.  I)y  means  of  oxidiiiiof;  a^nts  n  . 

two  arid'.  —  munniiic  and,  H,,  ' ' 

/r,IO,;Cifl',0^— which  bar  ih 

alcohol  ihnt  glyonric  and  tartanjim  :i< nu  u-iir 

>  Tbi  tnxlacla  obtnlaed  In  [MO],  (&M],  uul  [UT],  ■! 
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478.    Saeeharine  and  Amylacfoat  Jhdiet.  —  Woojy  fibre,  or 

!,  Starch,  gura,  und  i?ugar.  togellier  mill  waler,  cauati- 

Ma  ihe  greU  mas4  of  all  regulable  orgnniam,  and  are  ttio 

AterUtB  on  which  ihe  animal  chiefly  subsists.      But  although 

liHU  bodies  plaj  such  an  importaiit  part  boib  in  vt-gt^tablt!  and 

ilmal  physiology,  we    have   but  little   kiioveledge   of  tln-ir 

tanioal  constitution  beyond  tlieir  em|iiricnl  tbrmulic.     They 

ire  been  divided  into  three  classes,  —  Ut  The  Amyloses,  in- 

gdiDg  woody  fibre,  starch,  and  guni,  all  of  whkli  arc  niaieriald 

lOLfiftble  of  crystallization,  and  for  the  most  pari  organized. 

td.   Sueroses.  including  cane  eugnr,  sugar  of  milk,  and  ibe 

ira  from  different  varieties  of  manna,  which  have  a  crys- 

Ine  structure,  but  are  not  fu^eptible  of  direct  fermentn- 

3d.    Gluca^es,    iurluding  grape  sugar  and  frnit  Kiigar, 

!h,  under  the  influence  of  yeast,  break  up  into  alcohol  and 

lie  anhydride. 

These  bodies  contain  hydrogen  and  ojygen  in  ihe  propor- 

IcuiB  to  form  water,  and  therefore  have  been  called  the  by- 

favtes  of  carbon  ;  but  ibere  is  no  reason  for  believing  that  the 

are  grouped  as  tliis  name  would  indicate.     The  com- 

Mltton  of  the  bodies  of  each  class  is  essentially  the   same, 

mi^  be  reprvscnted  by  the  following  symbols :  — 

CtHaOti    Sucrtses,  CaHuOa.:    Glucoses,  0^11^0^ 

It  is  probable,  howeTer,  thai  Rome  of  ihem  ought  to  he  repre- 
■Btefl  by  multiples  of  ihese  formub',  and  sevcrnl  of  lliem 
jotain  in  addition  one  or  more  molecules  of  water  of  crys- 
■Qixalion. 

The  glucoses  have  evidently  the  simplest  molecular  ptruclure 

f  this  class  of  bodies.     They  consist  for  the  most  part  of  two 

iQraeTic  Eubatances  which  are  most  readily  distinguished  by  ilie 

a  whicli  tliey  exert  when  in  solution  on  the  plane  of  polar- 

iwtion  of  ft  ray  of  light     One  turns  ihe  plane  to  the  right  and 

|t  Dtllcr  to  the  lei\  (65),  and  hence  they  have  been  called 

■IpohnI  r»il!c«li,  wn  OM  idrntical  with  Ihem.  If  trMted 
ud  n,0.  they  *re  cnnverUil  Into  paniclivalcnhoti  tlmilar  te  tao- 

i>l  their  <7mlnl<n»r  be  writtdD  on  either  of  tin  two  IfpM 
n  the  rMOtiocii  just  referred  to.     TImi  we  lUny  writa 


^c;R,l,^c,^Jl^\^^^-I. 
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Destrose  and  Levuloso.  They  are  found  mixed  logvtbif  I 
honey,  in  the  juices  of  acid  fruits,  aod  io  the  uaciyst 
sirups,  called  molasses,  formed  Id  the  extraction  of  aognr, 
tliej  may  readily  be  produced  artificinlly  by  the  action  cS  dild 
acidd  and  certain  ferments  on  the  diSeretil  varieties  oT  sUn 
and  sugar.  When  common  starch  ia  heated  with  dilate  ■ 
pliuric  acid,  it  changes  into  dextrose ;  but  a  variety  of  wardifl 
traded  from  the  dahlia-root  changes  under  llie  same  conililiai 
into  levulosc.  Cane-sugar  under  similar  inHuence  fonat 
mixture  of  dextrose  and  levuloae. 

The  acid  acts  merely  by  its  presence,  and  remains 
during  the  process.  Nitric  acid  oxidizes  glucose  b 
or  oxalic  acids  ;  and  under  the  influence  of  nascent  hydroga 
levulose  changes  to  mnnnite.  We  may,  therefore,  regard  it  u 
the  aldehyde  of  this  hoxatomic  alcohol. 

CJf„0„,  C^/f,iO.,.  CJTx^O,.  r,ffy,0. 

By  the  action  of  nitric  acid  on  milk,  sugar,  or  pim-orabic. 
an  acid  isomeric  with  saccharic  acid  called  miicic  acid  is  formed, 
and  by  the  gentle  action  of  nitric  acid  on  saccharic  acid  taitaiie 
acid  may  be  produced. 

All  the  amylaceous  and  saccharine  bodies  form  more  or  lea 
stable  comiKiundj  with  strong  bases,  and  most  of  them  whea 
treated  with  a  mixture  of  nilric  and  sulphuric  acids  yield  pm- 
ducts  similar  to  nilro-glycerine,  of  which  gun-cotton  (31)  is  lh« 
best  known. 

479.  Glucosides.  —  Under  the  prolonged  influence  of  beil, 
gluca=e  ha^  been  unified  with  acetic,  butyric,  stearic.  anJ 
heuKoic  acids,  and  a  class  of  compounds  obtained  similar  to  tht 
fats.  The  compound  formed  with  acetic  acid  is  represented  hj 
the  symbol  ( r^ff^Os)i(C.JI^O)t.  These  glucosides  are  mtete* 
ing  because  they  are  probably  allied  to  a  clas^  of  substance 
found  in  many  plant.',  which  under  the  influence  of  forment* 
jiold  glucose,  together  with  other  bodies.  The  most  importuit 
are:  — 
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nimitiiDus  substance  called  ^jnaptase,  nhicb  nben  the  ulmoDd 
s  are  bruised  delermines  the  fallowing  reaction :  — 

r,j\ro„  +  2HiO=c,n^o  +  hon-\-  2C„m„o^.  [549] 


.  Salicine,  coDlained  in  (he  pith  of  the  willow  nnd  poplar, 
ch  in  presence  of  certain  rermeuts  is  decomposed  aa 
»w»:  — 

c„ff„o,  -j-  b;,o  =  C//.0,  +  cjr,,o„      [550] 

8.  Tannine  or  Tannic  Acid,  widely  diffused  in  tbe  bark  of 

,  and  well  known  for  forming  an   insoluble  compound 

b  gelatine  (as  in  taaotng  leutlier),  and  for  producing  a  black 

r  (ink)  with  ferric  snlt^.     Thi.s  body  when  exposed  in  a 

lo  the  air,  or  ti-eBt«d  with  dilute  acid,  forms  glucose 

d  glUic  acid. 

a/40,,  +  iff,0  ^SC,If,0,  +  C,/{„0„.      [551] 

,  Ftrmenlalion.  —  This  lerm  is  applied  lo  a  number  of 
nrkablc  rbemical  processes,  which  depend  upon  (he  life  and 
rth  of  a  very  low  order  of  organized  beings,  belonging 
lo  the  vegetable  kingdom.  These  organisms  are  (ho 
it  part  of  what  is  called  the  ferment  or  yeast.  The  fer- 
g  material  is  their  appropriate  food,  and  the  products  of 
mentation  are  in  some  unknown  way  determined  by  the 
I  proress,  diffsrent  ferments,  that  is  different  organisms, 
g  different  results.  Moreover,  we  can  frequently  dis- 
lieli  between  the  growth  and  propagation  of  these  organisms, 
"  e  normal  vital  proces?,  by  which  the  prodaets  of  fermen* 
are  evolved;  the  fir-t  requiring  the  presence  of  certain 
nis,  chiefly  albuminou-),  which  otherwise  lake  no  part  in 
t  chemical  change.  The  germs  of  these  living  beings  are 
y  diffused,  floating  even  in  the  atmosphere,  and  begin  at 
)  to  grow  as  soon  as  a  fermentable  liquid  and  the  right 
■e  supply  the  conditions  of  active  life,  Fermeatation, 
efore,  may  set  in  without  the  apparent  addition  of  any  fer. 
jid  on  the  other  hand  the  change  may  be  prevented  by 
up  the  material  in  air-tiglit  cans  previoavly  heated  to 
a  temperature  as  will  insure  the  deaUutAwa  o'i  «Si\\V«i^ 
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Til  ipal  modes  of  fermetitalion  are :  — 

1.    A  ilic  fennenlnlion  caused  by  a  foogni,  the  Tormli 

cerevisiie  nimotily  called  yeasi,  which  converts  glnco^  into 

alcoliol  a  ^ftrbatiic;  anliydride,  forming,  however,  at  tl<e  sata 

time  a  sma  amount  of  succidic  ncid  and  glycerine. 


2.  Arpt       '  '.by  the  Mycoclerma  vini,  by 

which  pr. 

3.  Lac^iic  te  the  Penidllium  glaacnD 
converts  itu  ictic  acid. 

^ftO,  [553] 

4.  Bulyrif  fermencaiion,  supposed  to  be  caoscd  by  an  animsl, 
in  which  lactic  acid,  formed  as  above,  is  changed  iuto  butyric 
acid. 

2  G/ZaOj  ==  CMiOj  +  2C0,  +  2H  JI.  [554] 

5.  Mucous  fermenfalion,  which  nugar  undergoes  under  ihe 
influence  of  ihe  "mucous  ferment,"  giving  rise  to  ibe  escape 
of  carbonic  anhydi'ide  and  hydrogen,  and  the  formatian  of 
■nannite,  together  with  a  peculiar  gum  and  a  mucilagioou 
Bubstance. 

481-    Conrliisi'm. — The  different  forms  of  fermentation  in 
but  lower  modts  of  the  manifestation  of  that  obec;ure  ]>owcr  hj 
which  animaia  and  plants  not  only  prepare  the  materials  of  tbsi 
tissues,  but  also  secreie  from  their  organisms  the  various  pro- 
due's  of  their  vital  processes.     As  has  been  shown,  we  h»rt 
been  able,  lo  a  limited  extent,  (o  achieve  in  our  laboratories  llM 
same  results,  anil  we  can  see  no  limit  to  our  B^'ulbetical  mnb 
ods.     Nevertheless,  we  have  not  been  able  as  yet  lo  prodi» 
any  of  the  materials  which  make  up  the  great  mass  of  the  ti* 
sues  of  ail  orpnuized  beings  and  thLi,  which  is  true  of  the  gnU 
elarcli,  and  woody  fibre  of  plants.  Is  true  to  a  stili   gn^aleri"-^ 
gree  of  such  materials  as  all)umen,caseine,  gelatine,  fibrine,! 
which  are  the  main  constituents  of  the  animal  body.     In  nf 
to  the  eom'poa\l\<«i  <j^  ft\ft»ft  Tv\\,\agi^\TsA.  ^RmvifKiuiMle  we  bxn 
knowledge  exce^X.  V'tai.  •«V\iii.  isia-i  "w.  ^laicM^  \i^  -^ 
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is;  Mid  although  we  have  erery  reason  lo  believe  that 
a  iDTestigation  will  revival  their  molecular  constitution,  so 
I  ihej  are  simple  cheinicul  compounds,  yet  in  most  casea 
e  tubHaitrt  of  tliese  bodies  cannot  be  isolated  from  the  organic 
e  whiuh  determines  in  a  grent  measure  Iheir  distinctive 
tlitJes ;  nnd  not  only  has  man  never  been  able  lo  muliu  the 
iplcxt  organic  cell,  but  the  whole  process  of  ils  growth  and 
IS  utterly   beyond   the   range  of  his  concept  ions . 
ivover,  even  in  regard  lo  those  simpler  products  of  organic  ' 
" "  h  we  have  been  able  lo  reach  by  synihenis,  we  have  no 
fwledge  of  the  procsssc«  by  which  they  are  formed  in  organic 

TCgelable  kingdom  is  a  great  Uiboratory,  in  which  the 
's  rays  manufacture  from  tlie  gases  of  the  atmosphere,  nnd 
a  a  few  earthy  salts  of  the  soil,  the  diHerenC  materials  which 
ganic  builders  employ.  The  animal,  unlike  the  plant,  has 
B  power  of  forming  the  aubstunce  of  its  tissues  from  inor- 
compounds,  but  it  reccivps  from  the  vegetable  Inhorjitory 
B  oaterials  required  ready  formed.  It  transmutes  thL'>e  pro- 
It  into  a  thousand  shapes  in  order  lo  adapt  them  lo  its  wants ; 
'a  peculiar  province  is  to  assimilate  nnd  consume,  not  to 
ice.  The  nitrogeoized  compounds  just  referred  to  are  the 
m  of  its  food  which  supplies  the  constant  waste  attending 
all  ihc  vital  processes,  'The  non-nitrogenized  starch  and  sugar, 
«llhou;;h  they  form  the  greaier  part  of  our  food,  are  never  incor- 
poralfd  into  ihe  tissues  of  the  body,  but  are  merely  the  fuel  by 
vrbicli  its  temperature  is  maintained.  Here,  however,  chem- 
istry stops,  and  the  science  of  physiology  begins, 

'a  closing  this  summary  of  facts,  we  mu»t  remind  tho  student 

,1  we  Etaled  in  the  introduction,  we  have  made  no  nitempt 

mplelcness.     Although  l!ie  chief  chars cteristies  of  all  the 

I  elements  have  been  illuslrated,  yet  im|»rtant  da^'ses 

mis  have  been  necessarily  left  iinnolii.'ed,  and  this  is 

idnlly  true  in  tiio  last  division  of  the  book.     Organic  chem- 

r  presents  sucli  a  vasl  array  of  facts  that  the  attempt  to 

'wnd  (be  whole  field  would  simply  lead  to  confusion,  aod 

Q  useful  end.     IVe  have,  therefore,  limited  our  scope  to  . 

■  clasiea  of  compounds  nhoso  molecular  structure  is  well 

rttood,  and  our  great  object  baa  U«ii\  ta  \\\ii*wo.i.fe  ■&» 

•  by  which  a   knov.-lcdgo    of   iVis  fc\r»jtVtt«i  Vvij  \w.«:tv 
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reached.  It  is  by  these  methods  that  the  new  phil<»oph]r  of 
chemistry  is  chiefly  distinguished  from  the  old,  and  to  them  m 
shall  especially  direct  the  student's  attention  in  the  qaestioiii 
which  follow.  He  should  not  content  himself,  however,  witk 
simply  answering  these  questions,  but,  by  an  exhaustive  etudj 
of  all  the  reactions  which  have  been  given,  and  by  a  constant 
use  of  graphic  symbols,  endeavor  to  become  imbued  with  the 
spirit  of  the  philosophy  which  it  has  been  the  object  of  tbii 
book  to  illustrate. 


Questions  and  Problems. 

Carbon  and  Oxygen, 

1.  Deduce  the  atomic  weight  of  carbon,  and  state  the  facts  and 
principles  on  which  the  conclusion  is  based. 

2.  When  the  product  of  the  combustion  of  coal  is  CO,  what  pro- 
portion of  the  calorific  jKJwer  of  the  fuel  is  lost  ?     (01). 

3.  Id  the  combination  of  C(.\  with  additional  carbon  in  jiissinj: 
through  a  mass  of  incandescent  coal  attended  with  an  evolution  or 
an  absorption  of  heat ?  Estimate  the  amount  of  the  tircit  pnv 
duced. 

4.  Illustrate  by  examples  and  peek  to  establish  by  reactions  or 
other  facts  the  oxatyl  theory  of  the  constitution  of  or«:anii-  acidi. 

Carbon  and  yUrofjrn. 

r>.    On  what  facts  is  the  symbol  of  cyanogen  gas  base*!  ".* 

(».  In  what  r(?spc('ts  does  7/^ //  resemble,  and  how  dot?s  It  differ, 
from  the  hydrogen  acids  of  the  chlorine  group  ? 

7.  What  is  the  distinction  between  the  two  cla5so?  of  double 
metallic  cyanides  ? 

8.  K«'])rcsent  by  graphic  symbols  the  constitution  of  several  of  the 
polymeric  compounds  of  cyanogen,  including  the  ferro  and  fiaii- 
cyanides  of  potasMum. 

J>.  What  proof  is  furnished  l.>y  the  reactions  of  (425)  that  the 
amine  ami  amide  compounds,  there  mentioned,  have  the  coostitntion 
represented  by  the  symbols  assigned  to  them  ? 

10.  Repeat  the  reactions  given  in  (425),  writing  the  symbol  of 
cyanic  eiViet  ^ttct  vW  ^.mmovvv^  v.^-^, 

11.  Ilepre?eri\*  \>y   ^^\^vt  ^^yvJw^  *^s^  ^iscoi^sNs^ijbMQL  ^ 
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Hill  cyanetholine  respectively,  and  give  the  reactions  from 
rbick  the  ijonboU  arc  deduced. 
18>   Urea,  «li«n  in  salution  m  water,  changes  into  ammonic  car- 
iute.    Write  the  reaction. 

Carhon  and  ffi/drogen. 
IS.   Ho*  many  eMeatially  ditTerent  modes  of  grouping  are  post- 
oe  with  a  carbon  skeleton  of  four  atoms,  assuming  that  no  atom  is 
liled  to  any  one  of  its  neighbors  by  more  tLaaoneof  ila  affinities? 
ow  many  with  a  skeletoD  of  five  atoms,  S(c.  7 

14.  Make  a  table  of  the  possible  hydrocarbons  in  series  of  homo- 
pit»  and  isologues. 

15.  How  many  essentially  different  modes  of  grouping  are  possj- 
B  with  the  compounds  C,//„,  C,f/„,  and  C,7/,? 

IG.   b  the  number  of /f  atoms  in  the  molecule  of  a  hydrocarbon 
iCMMrily  nn  even  number  ? 

17.  Is  any  evidence  given  of  the  synthesis  of  manh  gu  ? 

18.  Why  may  the  ihiee  exprewiona  0,11^-0,17,,  0,tl,-OH,  and 
'^„  represent  identical  compoiinils  ? 

19.  Explain  the  manner  in  vrhicli  the  successive  hydrogen  atoma 
C,H,  may  be  replaond  by  bromine. 

50.  Write  the  symbols  of  the  different  hydrocarbons  of  the 
Dn  the  assumption  that  they  ail  contain  the  radical 

1^,  tinited  to  the  radicals  of  the  methyl  series,  and  show  how  many 
modilicationa  are  powible  in  each  cose. 

51.  Describe  the  method  of  preparing  aniline  from  benzol. 

21   Show  by  graphic  symbols  the  relaljons  of  the  radicals  allyl 
id  glyceryl 

SS,   Bluitrute  by  graphic  symbols  the  relations  of  the  oxygenated 
die  umple  hydrocarbon  radicals,  and  explain  the  principle  stated 

Monatomic  AlcohoU,  Iff.    Manh  Gat  Series. 
it.  Kepresent  graphically  the  constitution  of  tha  ntcohols  of  the 
tnb  gas  series,  and  show  that  the  reactions  of  (438)  sustain  your 

SG.   Write  a  series  of  reactions  by  which  the  synthesis  of  propylic 
BObol  can  be  eOecled,  starting  with  mineral  substances. 

JO.  Anal/^e  reactions  [438]  and  [4S3^,  miA  Wate  fefc  aiAsmtA 
■M-nf  bjtbngen  and  ;V,(5,  in  these  casca  w  iWo.Ata.^iiS,  '^DiKb  ■=*»! 
or^nic  cheniJstry, 
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27.  What  general  method  of  preparing  the  aminef  (167)  is  b 
cated  by  [438]  ? 

28.  Show  that  the  constitntion  of  acede  add  maj  be  dedncai 

from  [374],  [448],  [448],  and  [449]. 

29.  Write  a  series  of  reactions  by  which  acetic  acid  maj  be 
converted  into  propionic  acid. 

30.  What  is  the  use  of  P,  Of  as  a  reagent  in  oi^ganic  chenuiliy 
[445] ? 

31.  Analyze  reaction  [444]  and  show  what  an  important  effect 
can  be  produced  by  the  action  of  potassic  hydrate  on  the  cyaoide 
of  a  hydrocarbon  radical.     Compare  [389]. 

32.  What  conclusions  would  yon  deduce  from  reactions  [450]  to 
[452]  in  regard  to  the  constitution  of  the  fat  acids  V  Iilu:itrale  bj 
developing  in  full  the  rational  formula  of  butyric  acid. 

33.  What  are  the  several  sources  of  palmitic  acid  ? 

34.  Compare  the  constitution  of  iso-but}Tic  and  iso  valeric  acids 

obtained  by  [45(jJ  and  [407]  with  the  normal  compounds.     Are 
other  isomers  jKJSbible  ? 

35.  Write  the  reactions  by  which  methylic  ether  is  proparc-l. 

36.  Explain  the  protress  of  ethcrification  as  illusmiteil  by  ^45S] 
and  [45'J].  What  is  the  essential  difference  of  conditions  in  tbe 
two  reactions  V 

37.  Write  the  reactions  by  which  common  ether  may  be  obtained 

after  [4 ni]. 

38.  Make  a  table  of  the  different  ethers. 

3D.  All  the  hy«lrorren  atoms  of  methylic  pth«T  mny  bf»  replarM 
by  clilorine  in  siiccessive  pairs.  AVrite  the  symlwls  of  the  rnnijH)undi 
thus  fbrined. 

40.  Analyze  reactions  [401]  as  ilhistrating  the  use  of  soJium  v  i 
reagent  in  organic  (chemistry. 

41.  Dt-scribe  the  methods  of  pn^paring  the  compoun*!  otber^  and 
compare  them  with  the  reactions  by  which  mineral  salts  are  ob- 
tained. 

42.  Sliow  in  what  way  the  presence  of  a  strong  acid  assists  the 
reactions  expressed  by  [1C«;]  and  [4(17]. 

43.  To  what  docs  saponification  corresjiond  in  mineral  chemtftxjf 

44.  Write  the  reju-tion  of  water  on  acetic  ether.  ' 

45.  ^^■rife  the  rea<'tion  by  wliich  br.tyri*-  ;inhydride  may  be  pifr 


QUEhiTlOSS  A'SD  rilOBLliMS.  ■fJ'i 

49,  Wri(«  Lhe  reacItoD  of  vatcr  on  acetic  anbyilride. 

47.  Coupare  the  effects  of  PCI,  and  PC!^  irhen  used  09  reagents 
O^sniu  cLienuitry,  so  tar  aa  Uluitraljid  by  [irij  and  [34]. 

48.  In  what  manner  may  the  haloid  ethers  be  converted  iatc 

49.  Chbralbmi  may  be  regarded  as  the  chloride  of  the  irivalent 
CH.    So  yoa  know  of  any  reaction  whii;h  illustrates  thia 

50.  Analyxe  the  reactions  by  which  the  aldehydes  are  formed, 
"  abow  how  far  they  indicate  the  conatilution  of  these  bodies. 

Al.  Write  tiie  reaclioii  which  takes  place  when  the  aldehydes  are 
'  with  potasaic  hydrate. 

Bi.  Represent  by  graphic  symbols  the  constitution  of  the  aldc- 
lea  and  ketones,  and  show  that  the  chemical  relations  of  the  two 
MS  of  isomeric  compounds  are  the  result  of  a  difference  of  atomic 
uping.  Show  also  that  yonr  theory  of  the  constitution  of  these 
ies  is  n  legiumate  inference  from  the  reactions,  of  which  they 
susceptible. 

69.  Illustratfi  by  graphic  symbols  the  difTerence  between  the 
udo-alcohob  and  the  normtU  compounds  and  the  relations  in  which 
f  stand  to  the  ketones  and  aldehycles  respectively.  Show  that 
■ymhols  assigned  to  the  normal  and  secondary  alcohols  are  !&• 
(nalely  deduced. 

M.  Compare  by  tlie  graphic  method  tlie  constitution  of  tbe  tbree 
i^f  alcohols.     Take  heptyl  alcohol  with  its  isomere  as  an  ex- 
ud  pwnt  out  the  difference*  in  the  carbon  skeletons  of  these 
ids.     In  what  does  a  normal  alcohol  consist  ? 
«  a  table  exhibiting  the  relations  of  the  different  com- 
•  of  the  marsh  gas  series  including  hydrocarbons,  alcofaols, 
t,  aldehydes,  acetones,  and  ethers. 

Vinyl  Seriet. 

■  The  differences  between  the  vinylie  and  ethylic  alcohols  may 
•  ral^rreJ  to  what  differences  in  the  structure  of  the  carhon  skde- 
I  tf  these  two  classes  of  compounds  ?  What  proof  hare  you 
h  a  difference  esists  ? 

Compare   by   tbe   (rraphic   method   the   difference   between 
Jcobol,  acetic  aldehyde,  and  ethylenic  oxide,  and  give  the 
IS  for  your  mode  of  grouping  the  atomt. 

iVfy  abooH  yoa  not  expect  to  oblain  an  ac\i  faim-  -ivo.'s'^ 
SS  an. 
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niculiol  by  the  nctinn  cf  OKiiliiiog  ogeats,  wbiru  allflic  tiaAU  pdli 
bulb  00  oldebyile  and  on  aciil '! 

S9.  Write  the  reic^on  by  which  allelic  Aloohol  ii  coancntdiglt 
■cTotein  aud  ncryliu  acid. 

CO.    How  far  is  the  cbang«  from  glycerine  into  aicroliua  in«wM 
wilb  a  cbauge  of  type  ? 

CI-  In  wbaC  ilucs  the  ilifTcrcnre  between  ihn  •tjorton  <f  thi 
acids  of  tbe  acryliu  And  acetic  «eric«  conaist  'I 

6-i.   Carefully  analyze  th«  raacliuna  by  whicit  ilill«nnt  Ifjmt/ 
nructurc  in  iba  aciyUi:  serum  Uve  been  libuiued,  and  •!««  iku  te    1 
conclusions  reached  are  le^cimaUt. 

03.   Hon  and  under  what  couditiona  doei  PClt  Mit  a 
drating  agent '! 


G5.  Giro  the  general  lymbt^  of  tlitt  ttme  cbuaoi  tt  acrjU 

Phenyl  Srrie*. 

GC.  Represent  tbe  constitution  of  b«nidc  alcoliol  by  KnpU) 
■ymbolg,  and  ahovi  how  far  ita  jtraitture  nisembtes  iJut  of  tW  at»- 
hol  of  \he  ethylic  series  L-ontaining  the  same  nnmUv  of  catiw 
atoms.    Compare  the  carbon  ikelelona  uf  the  two  compuundtu 

61.  Why  is  it  that  carbolii^  acid,  atlboiurb  homuluiniui)  wttli  ti«UMi 
alcobul,  diflera  from  it  bo  greatly  in  its  chuniioal  nilation*? 

68.   How  is  toluol  related  la  benKol,  and  by  what  Mrw 
tion»  may  the  firat  be  changed  into  the  last  ? 

63.   How  is  (ressflic  alcohol  t«latni  li>  earbofio  aoid  f 
with  graphic  symbols  the  almcture  of  the  two  bodita. 

70.  Wnte  tbe  reaction  bi-  which  hmxtoic  acid  U  |i 
faippuricacid  (1G8). 

71.  ReprascDt  graphic»l!y  tbu  relations 
acid,  anil  point  out  the  differtnce  of  MnwWW  ii>  ihr  «rbon  d 
ton  of  Uie  two  compounds.    What  similar  rdatioM  kava  p 
buen  noticed  ? 

73.   lU'prewint  graphically  the  relations  of  salicylic  aail  • 
■oin  aiiid&    What  acid  stand*  in  a  rimllar  rdalion  U»  Mutfa  « 

TS.  Makn  a  talilo  exhibiting  tho  relation*  of  llw 
pounds  of  th«  radical  phenyl,  with  thuir  powdble  ' 
show  haw  fu  the  tuactionii,  which  hare  been  (gm 
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Dialomu:  Akoholii,  ^-e. 
Describe  the  Beveral  proceasea  by  which  the  glycols  maj  be 
prcidactHl. 

'5.    Uliutr&Ce  by  graphic  aymbok  the  coiurtitutiou  and  rekllons  of 
diflervDt  tleriTativtit  of  etbylic  glycol,  eipKciall/  of  the  chlorhy- 
dnnesi  bromhjdriiies,  Sec. 

7S.  Point  out  the  dilFerences  between  the  chemical  relation!  of 
fdiylic  onde  (common  ether)  and  ethylenic  oxide,  and  show  bow  far 
Ab7  nu/  be  explaioed  by  difiVrentea  of  atrueture. 

71.  Describe  the  reaet4onB,  by  wbii'h  condeased  glycols  may  be 
Btoduccd,  and  cite  examples  of  similar  compouodB  from  the  miiiernl 
nni^loni,  What  proof  Js  there  that  tbe«e  cooipouods  have  tlie 
■trnutiire  assigned  to  them,  and  why  can  greittcr  certainty  be  reacted 
in  Kgarl  to  the  structure  of  these  bodies  than  in  regard  to  that  of 
^  m  mioersl  products  they  are  said  to  explain  ? 

T8.   Uluatrate  by  graphic  symboU  the  strocture  of  the  three  chief 

aaaes  of  acids  of  the  lactic  family,  and  show  in  each  case  bow  the 

lOcIimion  has  been  reached. 

79,  CoiutrDCt  the  graphic  symbols  of  ethylene  and  ethylidene, 
id  give  the  reasons  for  the  forms  adopted. 

80.  Show  that  the   constitution  of  the   known   glycob   can  he 
finred  from  that  of  the  acids  of  the  lactic  family. 

fll.  What  is  meant  by  an  oleGno  acid  ?     In  what  way  must  the 

V^on  atoms  in  the  oMnes  be  arranged  ?     Show  that  the  coaclu- 

Kk  is  tmstworthy. 

82,   Compare  the  reaction  of  pofassie  hydrate  on  cyanhydrine  of 

hyleno  and  on  cyanhydrine  of  ethylidene.     Can  you  draw  any 

ptimate  inference  in  these  cases  bb  to  the  stracture  of  the  rcsult- 

g  compounds  ? 

BS.   Explain  the  term  etheric  acidi.     Has  any  example  of  snch 

mpounds  been  previously  given  ? 

Bl.   Represent  by  graphic  symbols  the  conBtitution  of  the  isomeric 

nyonnds  cited  in  (467),  and  inquire  whether  further  v&riatione 

89.  Write  the  reactions,  1.  of  lactic  acid  on  sodic  carbonate,  3. 
'  KxUum  on  sodii:  lactate,  3.  of  ethylic  iodide  on  disodic  lactat«. 
(16.  What  is  the  general  action  of  HI  aa  a  reagent  in  organio 

"      [530] 

•I.   WriW  llje  nartion  ofpotassic  hydrate  (m  c^wAfcrf  ^fti-fWrnss 
tfjfan'&ow  At  this  establishes  tbe  conatitvtUQii  ot  snuxau^*^^ 
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88.  Wrile  tlie  reaction  which  takes  plsco  when  ooe  molMvIc  gf 
CO,  is  eliminateii  from  milonie  acid  by  the  action  of  beat,  or  ■! 
gui'i'ioic  acid  is  decompoaed  ia  a  similar  way  if  heated  witb  Una. 

S9.   Write  the  reaction  when  suberic  acid  is  healed  wiib 
of  baryta. 

90.  ^Vhat  19  the  general  action  of  lime  or  baryta  nhen 
niLb  an  organic  acid? 

91.  SboiT  by  graphic  symbols  how  the  acids  of  the  laccinic 
aru  related  to  those  of  the  acetic  aeries,  and  describe  Ubu 
by  which  one  class  of  compounds  may  be  converted  into  the  other- 
s'.   Show  that  reactions  [336]  and  [»37]  conlirm  the  com 

already  reached  in  regard  tu  the  consijtutioa  of  eui/ciuic  acid. 

93.   In  what  isomeric  form  may  the  eymbol  of  socciniv  iiei4 
Mriticn,  and  what  radical  would  it  then  contain,  in  place  of 
kite  ?     What  proof  have  you  tliat  it  does  contain  ethylene  ? 

9*.    Succinic  acid  ia  formed  when  butyric  acid   is  oxidized 
nitric  acid).     Write  the  reaction. 


or"b« 
Una.  JM 

J 

iiicKita 
-^thoSrl 

'iax. 


!IG.   What  in  the  characteristic  of  an  acrjioid  acid  ?     Show  ihil 
fumaric  acid  conibrms  to  this  type, 

97.  Show  by  graphic  s}'mboIs  the  possible  forms  of  the  first  t«ni 
of  the  fu marie  series. 

98.  Show  how  far  the  fact  that  both  fiunaric  and  malpio  acii 
jleld  succinic  acid,  under  ibe  influence  of  nascent  hydrogen,  fii 
their  symbols.     Show  also  that  the  brominaled  compounds  may 
dirt'ercnt;  while  the  further   products   obtained   by   the   actioa 
nascent  hydrogen  on  the  last  may  be  identical. 

99.  Represent   graphically  some   of  the   possible    forms  of  lit 
second  ti:rra  of  the  fuuiaric  series,  and  trace  the  relations  of  t' 
compounds  to  pjTOtartaric  acid. 

100.  Compare  the  graphic  symbols  of  succinic,  fiimaric,  and  n 

Trialomic  Compounds. 

101.  Write  the  reaction  on  stearine,   !.  of  solution  of  po(j 
bydrate,  1.  of  plumbic  oxide  and  water,  3.  of  superheated  itein 

and  tartaronic  afciA,  w^  eT,i;\i\Ti.  'ii™:  ^'wkk 
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lOS.  How  far  do  the  reairtioiu  [5U]  and  [s39]  indicate  the 
'  iD  of  the  basic  radical  of  glj'cerine  ? 

104.  Write  the  reaction  hj  which  the  several  chlorhydrines  of 
Ijcerioe  are  oblaiaed,  and  point  out  their  relatioos  to  the  trtatomic 

iicter  of  the  compound. 

105.  Compare  the  anhydrides  of  glycerine  with  the  polybasic 
lioeral  compounds. 

e  the  symbob  of  the  three  sieaiines  and  the  three  oleinea 
teretponding  to  the  three  acetines. 

107.  Exhibit  by  graphic  eymbols  the  relations  of  glycerine  to 
lolein. 

108.  Compare  graphically  the  relations  of  propylic  alcohol,  pro- 
flic  glycol,  and  glycerine. 

109.  A  normal  alcohol  may  be  converted  into  an  acid  either  by 
ndstion  or  by  a  reavtian  similar  to  [S43] ;  compare  the  resulu 
Hained,  and  show  the  bearing  of  the  tbcls  on  the  oxatjl  theory  of 

1 10.  'VVrite  the  symbola  of  the  different  acids  which  might  theo- 
Ilically  be  formed  by  the  oxidation  of  the  assumed  bexyl  glycerine. 

Compare  the  graphic  symbols  of  tricarballyhc  and  aconitic 

.12.  Compare  the  graphic  symbols  of  citric,  aconite,  and  itaconic 
i«  and  explain  the  change  of  the  first  into  the  last  through  tho 
cond. 

Tdratomic  Alcohoh,  Ice. 
113.  Make  a  table  exhibiting  the  relations  of  tartaric  and  citric 

to  the  teiratomic  alcohols. 
lU.   When  tartaric  acid  is  redoced  by  HI,  it  changes  fimt  into 
and  then  into  succinic  acid.     Write  the  reactions  and  incjoire 
iw  far  they  aid  in  establishing  the  constitution  of  the  bodies  in- 
ilved. 

115.  Compare  the  carbon  akelelons  of  one  or  more  of  each  of 

B  cIuMa  of  adds  which  have  been  studied,  and  show  that  the 

_.    _   1  limited  to  a  few  principal  types.     Then,  by  attaching 

of  II.  Uo.  Nir,.  COHo  or  O  to  these  skeletons,  illustrate  the 

of  the  various  clusso*  of  compounds  which  may  be  formed 

,  coBunoa  nucleus. 


TABLE    I 


FRENCH    MEASURES. 
Measures  of  Length, 


1  dometre 
1  Hectometre 
1  Decametre 
1  Metre 


1000  Metres. 
100 
10 
1 


u 


« 


« 


1  Metre 
1  Decimetre 
1  Centimetre 
1  Millimetre 


1.000  Metre. 
0.100      " 
0.010      " 

0.001       " 


1  Kilometre       =       0.62U  Bfile. 
1  Ifetre  =s       3.2809  Feet. 

1  Centimetre      =s       0.3937  Inch. 


Logarithmt. 
9.7933  712 

0.5159  930 

9.5951  742 


Ar.  Go.  Log. 
0.2066  188 

9.4840  070 

0.4048  258 


The  metre  is  one  ten-miUionth  of  a  quadrant  of  the  globa 


Measures  of  Volume. 

1  Cubic  Metre  m:*    =    1000.000  Litres. 

1  Cuhie  Decimetre     dTm.*    =s         1.000 
1  Cabk  Centimetre    cTm:'    ==         o.OOl 


« 


it 


1  Cubic  Metre          ==35.31660  Cubic  Feet 

Loguifhmfl. 
1.5479  790 

Ar.  Co.  Log. 
8.4520  210 

1  Cubic  Decimetre   =61.02709  Cubic  Inches. 

1.7855  226 

8.2144  774 

1  Cubic  Centimetre  —  0.06103      "       " 

8.7855  226 

1.2144  774 

1  Litre                     =   0.22017  Gallon. 

9.3427  581 

0.6572  419 

1  Litre                      B=   0.88066  Quart. 

9.9448  083 

0.0551  917 

1  Litre                     »   1.76133  Pints. 

0.2458  407 

9.7541  593 

FRENCH    WEIGHTS. 


1  Kilogramme 
1  Hectogpramme 
1  Decagramme 
I  Gramme 


1000  Grammes. 
100        " 
10        " 
I 


u 


1  Gramme 
1  Decigramme 
1  Centigramme 
I  Milligramme 


1.000  Gramme. 
0.100       " 

omo      '* 

0.001 


« 


1  Kflogramme 
1         " 
1  Gramme 


Logurlthmi.  Ar.  Co.  Log. 

2.20462  Fbunds  Ayoirdapois.    0.3433  337  9.6566  663 

2.67922      "       Troj.  0.4280  083  9.5719  917 

15.43235  Grains.  1.1884  321  8.8115  679 


i  CHth 


0.089578  GnuniDM. 
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ELEMENTARY    ATOMS. 


P.iclnd 

!i 

1 

cr. 

It 

H 

Hg 
Caf 
Srt 
Baf 

Pbf 

/-.# 
Cd 
Gr 
Yf 
Et 
Ce? 
Lai 
Dt 
Nit 

a>f 

Crf 
AIT 

R.,1 

m 

Irf 

Pdf 
Pif 

H 

FludriiiD 
Chlorine 

Iodine 

Uthiiim 

Sodium 

Potni!<mm 

Rulildium 

SiWlT 

ivS&iW  — 

Gold 

1.0 
19.0 
3S.S 
80.0 
127.0 

7,0 

aa.o 

39.  i 
S5.4 
133.0 

loa.o 
au+.o 
lai.o 

/-/ 

Li-U 
Na-Na 

KK 
Ilb-Hb 

tvc- 

A-j-A'j1 

Ti-m 

Au.Aui 

I 
lorlll 

m 

IllorV 
V 

Dopper 

Mercury 

40X) 

87.6 
13T.0 

53  8 

aB.s 

2?!' 

106. 
!37, 

50. 
118. 

89. 

•jl 

Calcium 

BBrium 

Luad 

II  or  17 

Maen-^ium 
Zinc 

Cadmium 
(ilucifium 
YllHun, 
EMu,n 

Boron 

11-0   B-tB? 
31.0'   f^P, 

7a.(l.^U-^ 

122.0,*'-,?.*,!' 
210.0  Oi^Oi.l' 

51-37!  i-.r? 

i20.o;  C'Mi 

lB2.0|7uirn? 

I^Z^um 

NitroKiT 
I'hoiphorua 

Bismuih' 

Nickel 
Cohnlt 

Mangimcse 
Iron 

Ctixiniinm 
Aluminum 

l'anaf''''iNi 

CaliuMiim 
Taxiahm 

0.m.<^ 

'Pnlhidium 
Plnliniim 
Tiiaoium 

ElmrnU. 

n 

0,„.n 

tf..o'    0=0 
32,0      .5=.S" 
19.4   S„S> 

Snlphur 
TungBWn 

n  or  VI 

Th? 

'TtiBrium 

-•1 

0\    Wl 

\- 

:l 

TABLE   III. 


Specific  Gravity  of  Gases  and  Vapors. 


Names. 

Symbols. 

dptffir.  Sp.Gr. 

Hair 
Molecular 

Logs- 
rithmi. 

Airerl. 

14.43 

Weight. 

1.000 

1.1508 

)gfn 

H-H 

o.oeas 

1.00 

1.00 

0.0000 

lie  Hydride  (Aldehyde) 

C^H^O-H 

1.632 

22.10 

22.00 

1.8424 

lie  Chloride 

c^H^o-a 

2.87 

41.42 

30.25 

1.5088 

Anhydride 

(C^H^O)^-0 

8.47 

50.07 

51.00 

1.7076 

A.-id 

H-0-t\H^O 

2.083 

30.07 

30.00 

1.4771 

nic  Chloride 

{Ahnn^ 

0.34 

134.80 

133.90 

2.1268 

11  io  Rromido 

{^tViBr,, 

18.C2 

2i».7'J 

267.40 

2.4272 

nic  Io<lidR 

l^tlfAi 

27. 

389.00 

408.40 

2.6U1 

lonioiw  Chloride 

sb-.a^ 

7.8 

112.70 

114.20 

2.0677 

ylxtibiae 

(C^Ih)^^Sb 

7.23 

104.40 

104.50 

2.0101 

Ic 

AsXA)i^ 

10.6 

153.00 

ico.oo 

2.1761 

iun-ttod  Hydrogen 

H\-^As 

2.fl95 

38.90 

89.(iO 

1.6011 

yhtr!«ioo 

(C^lhVA* 

5.29 

7(;.35 

8HK) 

1.0086 

M 

(CH^)^AHCH^)tAs 

7.10 

102.50 

I0i-).ro 

2X)212 

iou!<  Chloride 

As^a^ 

C.3 

9f».yo 

90.75 

1.0678 

i(tu.s  lodidu 

As-h 

16.1 

2:J2.40 

228.00 

2.8570 

thoiLs  Chloride 

Bi  =  Cl^ 

11.85 

163.90 

158.25 

2.1004 

M<thide 

{CH:,)^rB 

1.981 

27.90 

28.00 

1.4472 

Ethi.U; 

[C\H,)^-.B 

-  8.401 

49.10 

49.00 

1.6902 

Fhiorido 

i^-Fa 

2.37 

»1.20 

84.00 

1.5816 

Clih.ride 

B-Ct^ 

8UI2 

5<).S5 

5.S.75 

1.7600 

lintuiidti 

B-^Br^ 

8.78 

12r..8<> 

125  '^) 

2.0086 

lio  Ilnnite 

(CH^\^-^0^=B 

8.59 

51.80 

(XIAH) 

1.7160 

c  Uorate 

(C,i4)a=0,iJB 

5.14 

74.20 

73.<i0 

1.8«V« 

no 

Bi'Br 

6.54 

79.50 

8n.00    !  1.9031 1 

■>iromic  Arid 

H-Br 

2.n 

39.10 

40.5«) 

1.G076 

<\\r  Tetrachloride 

CIC\ 

5.415 

78.14 

77.00 

1.8866 

I  Gas 

CH. 

0.5576 

8.05 

8.0i) 

0.9031 

ene  Uas 

c=n,  n. 

3.31K) 

49.(»6 

49.50      l.flW« 

K>nir  Iloxflchlorido 

[r-c]iCi^ 

8.167 

117.70* 

118.60    :  2.0737 

'onic  T(>tnichloride 

[C--C]zCU 

5.82 

84.00 

83.0i)    .  1.9191 

lonir  Dichloride 

[c-=C]=a^ 

47.50      1.0767 

ii«"  Oxiilc 

c=o 

0.9fi7 

13.05 

14.(10    .  1.1461 

;ti'*  Anhydride 

ClO^ 

1.51^ 

22.06 

22.00    ■  1  341:4 

:iir  Sulphide 

CSS, 

2.&15 

38.17 

38.00      1.5798 

no 

o-a 

2.44 

»i.22 

a:i.50      1.550-2 

fliloric  Acid 

H-a 

1.27 

18  32 

18.26    '  1.2613 

lio  Oxvrhloride 

O|o„  a. 

6.5 

79.40 

77.6     ;  1.8935 

bic  Chlorido 

ain^ 

9.6 

13S.60 

13570    12.1326 

hir  Oxy chloride 

CbldyC\ 

7.9 

114.00 

lOii.20 

2.u;M2 

ppn 

CN-CN 

1.806 

20.06 

2<J.00      1.4150 

cyaaic  Acid 

H'CN 

0.947 

13.07 

13.50      1.1303 

c,n,-c,H, 

2.0 

28.80 

29.00      1.4624 

c  Chloride 

(r,ffB)-n 

2.219 

.   TSlSfL 

I  ^!3>    \.y:«b 

7  OxUe  (Ktber)            1 

(C^Hc)rO 

\  ^iSSL 

Ih'lmte  (Alcohol)     1 

C^H^O-H 

\  -la^ia 

\  Ta.w 

^  \  Y-«i 

si 


( 


AnUias 
Nllnim  OdilB 
Mtrlo  OilUa 
MMc  Fcroilda 


Phonphonu 

nio^bunltnl  IIjdngM 
PhoipbomM  CblorlilB 
Pbotpliortc  Oiychlorido 
OiUt  of  Trlethjlphuphln 
Sdminid,  il  771° 

aMIra  Hjdrogim 
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